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ABSTRACT OF DISSERTATION 
 
THE SYNTHESIS, STRUCTURE, AND REACTIVITY OF SOME 
ORGANOMETALLIC-FUSED HETEROCYCLES 
 
 The synthesis, structure, and reactivity of some organometallic-fused 
heterocycles were studied.  This work was divided into three parts:  first, 
thiapentalenyl tricarbonyl manganese complexes [Mn(CO)3{η5-SC7H3-1,3-(R)2}] 
were synthesized employing thiation on diacyl precursors; second, attempts to 
form the 5,5-fused ring pyrrole analogs to the thiapentalenyl complexes led to the 
formation of various amine and imine ligands and manganese complexes, but not 
the desired ring-closed pyrroles; third, reductive amination on a ferrocenyl 
monoaldehyde substrate led to the formation of di(N-(ferrocenylmethyl))-N-
methylamine and its cyanoborane and cyanoborohydride analogs.   
 Isolation of the desired thiapentalenyl manganese complexes was 
accomplished by first forming 1,2-diacylcyclopentadienes (fulvenes), converting 
to the corresponding thallium salts [Tl{1,2-C5H3(COR)2}] employing thallium 
ethoxide, transmetallating with [Mn(CO)5Br], and ring closing using either P4S10 
or Lawesson’s Reagent.  Ring closure from the diacylmanganese complexes 
[Mn(CO)3{η5-1,2-C5H3(COR)2}] gave air stable thiapentalenyl complexes in 
moderate to good yield and was tolerable to a variety of functional groups (aryl, 
arylacetyl, t-butyl).  In the cases where 1,2-diarylacetyl complexes were 
employed, the isolated products were “quinoidal”.  While ring closure on the 
corresponding diacylrhenium tricarbonyl complexes was not feasible, it was 
observed that these quinoidal thiapentalenyl structures could be formed on a 
ruthenium Cp* moiety using the arylacetyl fulvenes.   
 Various keto-amines or enol-imines could be formed from the 1,2-
dibenzoyl fulvene employing primary amines (R = H, Me, OH, OMe).  In the 
presence of a reducing agent, neither reduction nor ring closure was observed 
for any of the cases investigated.  Formation of the corresponding manganese 
tricarbonyl complex for the methyoxyimine case was accomplished by reaction of 
the enol-methoxyimine with thallium ethoxide and then transmetallating with 
[Mn(CO)5Br].  Reaction of this keto-imine complex with various reducing agents 
did not lead to the desired 5,5-fused ring pyrrole complex but to reduction to the 
corresponding alcohol.       
Diferrocenylmethyl methylamine complexes were obtained by reaction of 
ferrocene monoaldehyde with ferrocenylmethyl methylamine in the presence of a 
mild reducing agent (NaCNBH3).  Isolation under anhydrous conditions gave the 
unexpected cyanoborohydride salt, di(N-(ferrocenylmethyl))-N-methylammonium 
cyanoborohydride.  Aqueous work-up gave the corresponding free amine.  
Conversion of the cyanoborohydride salt to the corresponding cyanoborane, 
di(N-(ferrocenylmethyl))-N-methylammonium–cyanoborane, was accomplished 
by refluxing the cyanoborohydride salt in THF.    
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Chapter 1 
Introduction to Conducting Polymers 
 
Since the discovery by H. Shirakawa and coworkers that polyacetylene 
exhibits a seven-fold increase in its conductivity with exposure to external dopant, 
conducting polymers have been an attractive field of interest for chemists and 
materials scientists alike.1  Normally a black powder, polyacetylene forms a silvery, 
thin film when prepared by using a much larger amount of Ziegler-Natta catalyst 
than normally required.  Once treated with an oxidizing agent, such as bromine in 
the case of the earliest tests of Shirakawa, polyacetylene exhibits a huge increase 
in conductivity.2 This class of materials is an attractive alternative for use in 
electronic devices because conducting polymers are more cost-effective and 
require less stringent synthetic conditions than do inorganic semiconductors.  
Conducting polymers offer a wide variety of applications including light-emitting 
diodes (LEDs), chemical and biological sensors, microelectronic devices, and 
advanced textiles incorporating the advantages of strength, flexibility, and novel 
electronic properties.3   
Conducting polymers may incorporate a wide variety of structural units 
including linear chains, aromatic functional groups, metallic centers, and 
heterocyclic units.  However, every conducting polymer, including polyacetylene, 
shares the property of a conjugated pi-electron system throughout the chain 
(Figure 1.1).  The resonance depiction of polyacetylene in Figure 1.1 displays both 
the “L” and “R” forms of the polymer.  This representative picture indicates 
  
 
2
continuous electron density delocalized over the entire polymer, assuming that the 
resonance forms can freely interconvert.  Although the L and R forms do represent 
degenerate ground states, there is a non-zero energy gap that must be overcome 
for electron density to freely move throughout the polymer and conduction to 
occur.4 This adds to the HOMO-LUMO gap and hinders conductivity. Therefore, in 
its undoped state, polyacetylene acts as an insulator, with a band gap of 1.5–2.0 
eV.  Oxidative or reductive doping causes the polymer to exhibit semiconducting 
properties.  The mechanism of conduction through a polyacetyene chain can be 
understood through the soliton theory.  To overcome the energy needed for 
interconversion between the two polymer forms, a “soliton” or mobile charge carrier 
is created in the chain (Figure 1.1).   The soliton can be a single, neutral charge 
carrier (a radical) or involve a pair of charge carriers.  A “polaron” involves a radical 
and either a positively charge hole or lone pair of electrons, while a “bipolaron” 
involves a pair of either positively charged holes or lone pairs of electrons.  Thus, 
with addition of a reducing agent, as in Figure 1.1, a negatively charged soliton is 
created that will propagate along the chain, allowing for interconversion between 
the L and R forms.  Now, the polymer can be thought of as a conductor.   
In terms of band theory, for conduction to occur in undoped polyacetylene 
(a), a high-energy promotion from the valence band to the conduction band must 
occur (Figure 1.2).  However, when the material is doped, (b) there is an 
introduction of lower energy transitions caused by the presence of solitons.  When 
electrons are removed from the valence band, there is a partial delocalization of 
the newly formed charge over several chain lengths with an accompanying  
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Figure 1.1. A)  Resonance forms of polyacetylene.  B)  Interconversion between 
L and R-forms.       
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Figure 1.2. A)  Electronic transitions of a) undoped and b) oxidatively doped 
polymer.  B)  Bipolaron spread over four units in polypyrrole.     
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Figure 1.3. Polythiophene and polypyrrole in A) aromatic and B) quinoidal 
resonance forms.    
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deformity in the local structure (Figure 1.2).  This deformation causes higher 
energy levels or bands located within the band gap.5       
Because the band gap (Eg) essentially dictates the electronic behavior of 
the polymer, band gap control is critical to synthesizing materials of desirable 
properties.  Research has continued to push towards polymers that have a low or 
zero band gap (metallic in nature).3  Intrinsic semiconductor and conductors from 
organic and organometallic polymers are an ongoing, attractive area of 
investigation. 
Practical concerns have limited use of polyacetylene and other linear-
chained polymers in material processing. While these polymers may display 
favorable electronic properties, they are brittle and show poor environmental 
stability.5 Therefore, much of the recent research has switched to 
polyheterocycles, namely polythiophene6 and polypyrrole7 (Figure 1.3). Formation 
of the polymer from the monomer can be accomplished by chemical or 
electrochemical means.  Diaz and Kanazawa at IBM discovered that polypyrrole 
could be formed by anodic electrochemical polymerization on a platinum surface8 
(Scheme 1.1).  The polymer can then be reversibly doped (oxidized) and undoped 
electrochemically.  In the doped form, charge can be thought of as residing on 
every third or fourth pyrrole unit with counter anions from the electrolyte.  
Conductivities of the films ranged from 100 to 10-10 S•cm-1.9   Formation of 
polythiophene can occur by an electrochemical route (a similar anodic 
polymerization as with polypyrrole) employing thiophene or oligothiophene or a 
chemical process using the transition metal-catalyzed cross-coupling of a 2,5-
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dihalozinc or dihalomagnesiumthiophene6 (Scheme 1.2). In addition, chemical 
polymerization can be initiated by a transition metal oxidant such as FeCl3, 
Fe(ClO4)3, Cu(BF4)2, or Cu(ClO4)2. 6, 9-12  
Unlike their predecessors, both polythiophene and polypyrrole show 
increased environmental stability in addition to interesting electronic properties.  
Their stability is due to the ability of the hetroatom to stabilize the positive charge in 
the 4-doped state.13 In both doped and undoped states, polythiophene and its 
derivatives are stable to both air and moisture.7  Although stable when exposed to 
elevated temperatures (80 °C) for months at a time under inert atmosphere,3  
polypyrroles do show some tendency to react when exposed to dry oxygen.7  The 
effects can be reversed upon placing the polymer in a vacuum.  Given 
polypyrrole’s relative environmental instability, protection from atmospheric 
conditions may be the limiting factor for its incorporation into electronic materials.   
One practical concern with incorporation of these polyheterocycles into 
electronic materials is their solubility.  Both polythiophene and polypyrrole are 
insoluble in organic solvents and therefore difficult to process and deposit.   To 
increase the solubility and therefore the processibility, functionalization of the 
heterocycles with alkyl chains and other organic substituents has been 
accomplished.  Facile substitution at the 3- and 4- position has lead to the creation 
of a series of polythiophene derivatives with high solubilities, conductivities above 
1000 S•cm-1  and molecular weights up to 2.5 x 105 amu.6,7, 9,10, 14-19  Certain 
substituents serve a double purpose of functionality.  For example, polythiophenes 
that incorporate crown ethers at the 3- and 4- positions have applications as 
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chemical sensors or in host-guest binding chemistry.20  Figure 1.5 shows several 
examples of 3- and 3,4-substituted thiophenes.        
 Functionalization, in certain cases, has the additional benefit of creating a 
more highly ordered polymer, thereby decreasing the band gap and increasing 
conductivity.  This can be rationalized in terms of linkage (Figure 1.4).    A high 
degree of homogeneity or long-range order will lessen the effects of unfavorable 
steric interaction between R-substituents on adjacent heterocycles.  Head-to- head 
ordering (B) will cause planarity of the polymer to decrease, given in terms of the 
twist angle.  This is significant because the electronic properties of conducting 
polymers are dependent upon efficient overlap of the pi-orbital system of adjacent 
rings.  Thus, the greater the twist angle, the lower the planarity the polymer will be 
able to maintain and the poorer the pi-orbital interaction will be.6, 10  Certain 
substituents, including polyalkyl and polyether chains and aromatic groups 
promote structural regularity within the polymer, increasing its conductivity.6, 10, 17, 
18, 21  Long-range order appears also to be greatly influenced by the manner in 
which the polymer is synthesized (electrochemical, chemical, specific oxidant 
used, catalyst employed, etc.).   
The same sorts of strides in processability and long-range order have been 
accomplished with polypyrrole derivatives.  Various 3- and 3,4-substituted 
polypyrroles have been prepared with interesting electronic properties as well as 
increased solubilities.14-16, 22-24  Pyrroles contain a structural difference compared to 
thiophenes that warrants attention, namely the N-substituent or functionalization of 
the nitrogen itself.  There has been some interest in how the nature of the N- 
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Figure 1.4. Ordering for 3-substituted polythiophene.  A)  Polymer with regular 
head-to-tail linkages.  B)  Polymer with irregular head-to-head and tail-to-tail 
linkages. 
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substituent effects the electronic properties of the polymer.25, 26  Additionally, the N-
position can serve a functional purpose.   Incorporation of a chiral center  on the 
nitrogen center in polypyrrole derivatives has potential applications for stationary 
phases in chromatography as well as electrodes for electrochemical asymmetric 
synthesis.27, 28  Costello and coworkers have also investigated the potential for 
chiral polypyrroles serving as sensors for volatile organic compounds (VOCs).29  
They reported that exposure to different chiral enantiomers gave differing mass 
and electrical resistance measurements.  Chiral substitution is not necessarily 
limited to the N-position, as 3-substituted chiral polypyrroles are also attainable.   
Wudl and coworkers made a remarkable discovery when synthesizing 
poly(isothianaphthene) (PITN), a polymer incorporating a thiophene with a fused, 
six-membered aromatic ring.  Their results show that PITN exhibited a band gap of 
approximately 1 eV, about half that of polythiophene itself.  The increased 
conductivity as well as stability of PITN is attributed to its additional resonance 
forms, including a significant quinoidal form (B).30, 31  (Figure 1.6)  The discovery of 
PITN has facilitated the development of an entire class of small intrinsic band gap 
polymers incorporating a fused ring and a wide variety of structural variations.6, 18, 
31-36  Progress has been made in the hopes that the use of fused rings would have 
the ability to “tune” the band gap of polyheterocycles, as well as providing the 
stability and processibility required for electronic materials.  Figure 1.7 shows 
several examples of fused-ring polythiophene derivatives.   
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The properties of fused-ring polymers incorporating pyrroles have also been 
investigated.32, 38  Although the parent polymer, polypyrrole, has a large intrinsic  
band gap (approximately 3 eV) attributed to a large energy difference between its 
aromatic and quinoidal forms, polyisoindole (A) exhibits a decrease in its band gap 
of about 1 eV 37 (Figure1.8).  These findings correspond well with those of Wudl on 
PITN.  Even more interesting is that with additional fused rings incorporated into 
the polymer framework, low-band-gap polypyrrole derivatives are attainable.  
Kertesz and Lee calculated that polyisonaphthoindole (B) should have a band gap 
as low as 0.62 eV 37 (Figure 1.8).  Therefore, incorporation of fused-ring pyrroles 
into conducting polymers continues to be of great interest.  Figure 1.8 shows 
several examples of substituted polypyrrole derivates.   
 Conducting polymers incorporating transition metals have also shown 
promise for applications in electronic devices.  Organometallic conducting 
polymers display environmental stability as well as unique redox properties due to 
the presence of a metal center.  These transition metal moieties could act as a 
“switch”, enabling the polymer to be reversibly doped and undoped by using the 
metal’s electrochemistry.  Tuning the electronic properties of the polymer could be 
accomplished by altering the ligands attached to the metal, thereby changing its 
electronic environment.   Various transition metal polymer systems that incorporate 
either pyrrole or the thiophene derivatives have already been explored.20, 39-43  
These systems can be classified based upon the arrangement of the metal center 
relative to the polymer backbone.40  Type I organometallic polymers have the 
metal center situated on a tether or pendent attached to the polymer backbone.  In 
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this case, there is little electronic interaction between the metal center and the 
backbone and the polymer serves as a support with little effect on the properties of 
the metal.  Type II metal-containing polymers have the metal and the polymer 
electronically coupled, thus leading to the ability of the metal to influence the 
properties of the polymer.  The metal center itself is not incorporated into the 
polymer backbone.  In contrast, Type III polymers have the metal situated within 
the backbone, leading to a strong interaction between metal and organic chain.    
Shaver and coworkers discovered that incorporation of a iron cationic 
species, [Fe(CO)2(η5-C5H5)]+, into poly(3-methylthiophene) increased its 
conductivity by 8 orders of magnitude44 (Figure 1.9).   In this Type II polymer, the 
thiophene is bound in η1 fashion (sigma interaction) through the sulfur to the iron 
center, with optimal conductivities observed when less than 10% of each 
heterocycle is complexed.  Hanks and coworkers have also investigated a 
polypyrrole analog as well as those incorporating palladium and nickel.45  
Electrochemical polymerization failed to form conducting materials for each case.  
Chemical polymerization with FeCl3 gave thin films that displayed semiconducting 
properties.  Mirkin and coworkers have also reported a  terthienyl-based 
organometallic polymer incorporating a ruthenium moiety bound as both a tethered 
substituent and through the sulfur in η1 fashion46 (Figure 1.9).  Direct metal-
backbone electronic interaction was demonstrated by an observed shift of the CO 
stretch to higher energies after oxidation.  Similar effects were observed by Wolf 
and Wrighton after oxidation of poly[5,5’-(2-thienyl)-2,2’-bithiazole] incorporating a 
tricarbonyl rhenium moiety.47  Bauerle and Gaudl employed electrochemical 
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polymerization of a bithiophene incorporating a ferrocene ester into a Type I 
polymer48 (Figure 1.10).   Inclusion of the ferrocene pendent was found to be an 
equivalent doping level for the polythiophene backbone of about 23%.  These 
results demonstrate the ability of the electronic properties of a transition metal 
center to dope a polymer, eliminating the need for an external doping agent.  Zotti 
and coworkers have prepared other pendant-type polythiophene and polypyrrole 
derivatives of both Type I and Type II incorporating a ferrocene49, 50 (Figure 1.10).   
Polypyrroles with metal porphyrin substituents at the N-position have been 
explored by Devynck and coworkers for use in electroassisted catalysis.51  
Polymerization of a cobalt porphyrin-substituted pyrrole was performed in a 
solution of acetonitrile and tetrabutylammonium tetrafluoroborate.  Incorporation of 
platinum aggregates was accomplished by treating the cobalt porphyrin polymer 
with an aqueous solution of an appropriate metal salt, such as K2PtCl4, then 
depositing  the metal by cathodic polarization.  Silver aggregates could be formed 
directly by use of AgClO4 as the electrolyte.  Incorporation of these metal 
aggregates could potentially have applications in electrocatalytic processes such 
as reduction of dioxygen and alkyl chlorides, hydrogenation, and oxidation of 
alcohols.43  Polythiophene analogs have also been prepared and their potential 
use in electrocatalysis has been explored.52-55     
Reddinger and Reynolds have explored incorporation of both copper and 
nickel into a salicyclidene-based polymer.56, 57 (Figure 1.11)  The advantages to 
this system include direct electronic communication between the metal center and 
the polymer backbone as well as multiple polymerization sites to yield vastly  
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Figure 1.9.  Type II organometallic polymers with sigma bond interaction 
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Figure 1.10. A) Bithiophene polymer incorporating a ferrocenyl ester.48  B)  Type I 
and Type II ferrocene pendant polymer.49, 50, 58 
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different materials.  When the unblocked monomer was employed, polymerization 
occurred at the para position of phenyls giving a polymer that directly incorporated 
the metal center (A).  However, when the para position was blocked, 
polymerization occurred at the outer Cpof the terthiophene portion, yielding a 
redox-active polymer with a polythiophene backbone (B).  Other Type III 
organometallic oligomers and polymers have been widely explored, including 
incorporation of  ferrocene59, 60, ruthenium61, molybdenum,62 and Group 10 
metals.63, 64  
Selegue and coworkers have been particularly interested in fused-ring 
thiophenes and pyrroles incorporating Group 6–9 metals bound in a π fashion 
through the ring portion.  Figure 1.12 shows some example of these types of 
fragments.  While a variety of hapticities is possible through both the thiophene 
and ring portion, the Selegue group has focused primarily upon η5 coordination 
through a fused Cp ring.  A large amount of synthetic effort has been placed into 
developing various organometallic thiophene fragments and their fused-ring 
analogs for investigation of the desulfurization process in petroleum feedstocks.65-
73  We are primarily interested in η5 fused-ring thiophenes and pyrroles as synthetic 
models and precursors for potential Type II organometallic polymers incorporating 
a polyheterocyclic backbone. Figure 1.15 depicts the resonance forms for these 
envisioned polymers.  Blankenbuehler and Selegue74 and Snyder and Selegue75 
reported on the formation of discrete, manganese tricarbonyl complexes 
incorporating cyclopenta[c]thiophenes (Figure 1.13).   In contrast, Wallace and 
Selegue76 and Blankenbuehler and  Selegue74 reported on the attempted synthesis 
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Figure 1.12. Pi-bound fused-ring thiophenes.73, 77, 78 
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Figure 1.13. A)  Manganese cyclopenta[c]thiophene complexes.  B)  Resonance 
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of organometallic fused-ring pyrroles.  Herein, we report on the continued 
investigation into the synthesis of pi-bound organometallic fused-ring thiophenes 
and pyrroles and their potential incorporation into conducting polymers.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
27
Chapter 2 
 
 
Synthesis, Characterization, and Reactivity of Some 5,5-Fused Ring 
Thiophene Complexes 
 
 
Introduction 
 
 Thiophene and its derivatives have been of great interest for use in 
electronic materials due to their stability as well as novel properties in their polymer 
states.6, 7  As previously mentioned, incorporation of a fused ring onto the 
thiophene unit offers the advantages of increased processibility and conductivities 
as well as the ability to interact with a transition metal center in a π fashion.   
Formation of these fused-ring thiophenes has taken two routes, the first of 
which entailed building a fused ring onto an existing thiophene ring.  Specifically for 
the 5,5-fused ring system, synthesis of thiapentalenes in this manner was first 
accomplished by Skramstad79 and later improved by Cantrell and Harrison80 and 
by Wallace and Selegue (Scheme 2.1).76  The route explored by Wallace and 
Selegue was employed by Blankenbuehler and Selegue76 and Snyder and 
Selegue74, 75 to form discrete η5-manganese complexes incorporating the 
thiapentalene moieties.  However, the disadvantages to the Wallace and Selegue 
route include time consuming, multi-step synthesis (8 steps in all) with extremely 
low overall yield of product.   
The second route involves building the thiophene unit onto a carbon ring.  
Cava and coworkers synthesized isothianaphthene (ITN) in high yield using a 5   
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step process (Scheme 2.2).81  Employing NaS2 as the sulfur source, the authors 
were able to oxidize the saturated form of ITN at the S-position with NaIO4 and 
dehydrate with alumina to give the desired 5,6-fused-ring heterocycle (Scheme 
2.2).  Employing a phosphorus sulfide, such as P4S10, has been an common and 
effective route for the conversion of aromatic diketones to the corresponding fused-
ring thiophenes.  Both Glean and coworkers82 and Musinanni and coworkers83 
were able to S-close from 1,2-dithienoylbenzene to give the terthienyl analog of 
ITN, 1,3-dithienylisothionaphthene (Scheme 2.3).  Lawesson’s reagent (LR) has 
also been an effective thiating reagent, specifically on those systems too delicate 
for P4S10 (“soft thionation”) (Figure 2.1).84  Recently, Sampson and Seed converted 
various 1,4-diketones to their corresponding thiophenes in good yield (65–94%) 
under solvent-free, microwave-assisted conditions.85  Bäuerle and coworkers were 
also able to synthesize 1,3-dithienylisothionaphthene employing LR refluxing in 
toluene.86  In addition, LR has been widely used as a thionating agent on ketones, 
esters, amides, lactones, and lactams.87, 88     
Given these favorable results, Snyder and Selegue reacted  LR with various 
1,2-diacylcyclopentadienes to give the corresponding thiapentalenes (Figure 
2.1).75  Snyder and Selegue were further able to form the desired η5-thiapentalene 
manganese complexes using conditions developed by Blankenbuehler and 
Selegue.74  Formation of thiapentalenes via this route has the advantage of fewer 
synthetic steps as compared to the Wallace and Selegue route (only 2 steps 
verses 8) with low, but acceptable yield, given the fewer steps involved.  However, 
the disadvantages to this route include a lack of consistent yield from trial to trial as 
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well as tedious chromatographic steps necessary to purify the product.  Therefore 
an alternative route to thiapentalene synthesis was still desired.  
A second approach to forming 5,5-fused-ring thiophenes from an existing  
carbon ring  is S-closure of an organometallic precusor, specifically a 1,4-diketo 
fragment (Figure 2.2).  In theory, thiation of the diacyl would give the desired 
thiophene adduct with pentahapto (η5) interaction to the metal center.  There is 
some precedent for this type of transformation.  Kursanov and coworkers were 
able to thionate discrete, monoacyl manganese and iron fragments in yield as high 
as 80% (Figure 2.2).89  Reaction of the acyl complexes in a suspension of P4S10, 
NaHCO3 and CS2 at room temperature was sufficient for complete conversion to 
the thiones.  Herein, we report on the synthesis and characterization of some 
organometallic 5,5-fused thiophenes from their diacyl precursors employing the 
conditions reported by Kursanov. 
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Experimental 
 
Reactions were carried out by using standard Schlenk techniques under 
nitrogen unless otherwise noted. CDCl3, C6D6, d-acetone, and d-DMSO 
(Cambridge Isotopes), TlOEt, nBuLi, P4S10, phenylboronic acid, thienylboronic acid 
(Aldrich), CS2 (EMD), acetyl chloride (EM Science), 4-nitrobenzoyl chloride, 4-
toluoyl chloride, anisic acid (and all other acids), and dicyclopentadiene (Acros) 
were used without further purification.  Solvents were dried and distilled under 
nitrogen before use, including benzene, ethyl ether, pentane and tetrahydrofuran 
(THF) over sodium benzophenone ketyl.  1,2-C5H3(CPhOH)(COPh) (1a), 1,2-
C5H3(CMeOH)(COMe) (2a), 1,2-C5H3(CTpOH)(COTp) (3a), [Tl{1,2-C5H3(COPh)2}] 
(1b), [Tl{1,2-C5H3(COMe)2}] (2b), [Tl{1,2-C5H3(COTp)2}] (3b)  were prepared by 
using procedures from Wallace and Selegue.76  [Mn(CO)3{η5-1,2-C5H3(CO-5-
MeTp)2}] (12c) and [Mn(CO)3{η5-1,2-C5H3(COtBu)2}] (13c) were prepared by using 
procedures from Snyder and Selegue.75   1,2-C5H3(CCH2tBuOH)(COCH2tBu) (23a) 
[Tl{1,2-C5H3(COCH2tBu)2}] (23b) were prepared by Swisher and Selegue.90  
[MnBr(CO)5] and [ReBr(CO)5] were prepared by using procedures from Angelici.91  
Ferroceneacyl chloride was prepared using a procedure from Neto.92  [Cp*Ru(µ3-
Cl)]4 was prepared using a procedure from Fagan.93  Lawesson’s reagent was 
prepared using a procedure from Cava and Levinson.87 
   1H and 13C NMR spectra were recorded on a Varian Gemini-200 
spectrometer at ca. 22 °C and were referenced to residual solvent peaks.  Infrared 
spectra were recorded on an ATI-Mattson Galaxy Series 5000 FTIR 
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spectrometer.  UV-Vis absorbance spectra were recorded using a Shimadzu UV-
Vis spectrophotometer model UV-2501PC.  Mass spectra were acquired by the 
University of Kentucky Mass Spectrometry Facility.   Electron ionization (EI) mass 
spectra were recorded at 70 eV on a Thermo Finnigan PolarisQ (quadrupole ion 
trap).  Samples were introduced via a heatable direct insertion probe.  Matrix-
assisted laser desorption/ionization (MALDI) mass spectra were obtained on a 
Bruker Autoflex time-of-flight mass spectrometer (Billerica, MA), using alpha-
cyano-hydroxycinnamic acid as the matrix.  Melting points were taken on a 
standard Mel-Temp apparatus.  X-ray diffraction data were collected at 173 K on a 
Nonius KappaCCD diffractometer. Elemental analyses were performed at the 
University of Illinois Microanalysis Laboratory. 
Synthesis of [Mn(CO)3{η5-1,2-C5H3(COPh)2}] (1c).  Synthesis of 1c was 
previously performed by Snyder and Selegue75 without full characterization.  Full 
characterization is reported here.  Slow recrystallization from ethyl ether at room 
temperature in air gave yellow, single crystals of 1c.  Mp:  153–154 °C.  1H NMR 
(200 MHz, C6D6, ppm):  δ 3.68 (t, 1H, J = 3.0 Hz, CHCHCH), 4.35 (d, 2H, J = 3.0 
Hz, CHCHCH), 6.84–7.02 (m, 6H, Ph), 7.60–7.65 (m, 4H, Ph).  13C{1H} NMR (50 
MHz, CDCl3, ppm):  δ 79.3 (CHCHCH), 88.4 (CHCHCH), 102.0 (CC),128.8, 128.8, 
133.4, 137.4 (Ph), 190.7 (COPh), 222.4 (CO).  IR (KBr, cm-1):  2041, 1966, 1950 
(CO), 1643 (COPh).  MS(MALDI-TOF):  m/z 435 (M+ + Na+), 451 (M+ + K+).  
Analysis Calc for C22H13O5Mn:  C, 64.09; H, 3.18.  Found:  C, 63.82; H, 2.96.   
Synthesis of [Mn(CO)3{η5-SC7H3-1,3-Ph2}] (1d).  In a 125-mL Schlenk 
flask, 1c (130 mg, 0.315 mmol) was added to a stirred suspension of P4S10 (700 
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mg, 1.58 mmol) and NaHCO3 (146 mg,1.73 mmol) in 40 mL of CS2.  The reaction 
was allowed to reflux for 2 h and cooled to room temperature.  The reaction was 
then passed through a thin pad of alumina and the volatiles were removed in 
vacuo.  Trituration with cold pentane gave 13 (46 mg, 35%) as a red powder.  Slow 
recrystallization from ethyl ether at room temperature under nitrogen atmosphere 
gave single, red crystals.  X-ray crystallographic analysis matched that of 1d 
obtained by Snyder and Selegue.75   1H NMR (200 MHz, C6D6, ppm):  δ 4.72 (t, 
1H, J = 2.6 Hz, CHCHCH), 4.78 (d, 2H, J = 2.6 Hz, CHCHCH), 7.02–7.26 (m, 6H, 
Ph), 7.47–7.50 (m, 4H, Ph).  IR (KBr, cm-1):  2009, 1919, 1899 (CO).  Lit75 IR 
(KBr, cm-1):  2007, 1987, 1926 (CO).  Electronic spectrum (CH2Cl2) λmax nm/(log ε) 
511 (3.86).   
Synthesis of [Mn(CO)3{η5-1,2-C5H3(COMe)2}] (2c).  In a 100-mL Schlenk 
flask, [MnBr(CO)5] (150 mg, 0.546 mmol) was added to a stirred solution of 2b 
(192 mg, 0.526 mmol) in 40 mL of benzene.  The solution was allowed to reflux 
overnight.  The reaction was cooled and passed through a thin pad of Celite and 
the volatiles were removed in vacuo.  Trituration with cold pentane gave of 12 (133 
mg, 84.6%) as a cream powder.  Slow recrystallization from ethyl ether at room 
temperature in air gave yellow, single crystals.  Mp:  43–46 °C.  1H NMR (200 
MHz, C6D6, ppm):  δ 1.97 (s, 6H, Me), 3.56 (t, 1H, J = 2.8 Hz, CHCHCH), 4.34 (d, 
2H, J = 2.8 Hz, CHCHCH).  13C{1H} NMR (50 MHz, C6D6, ppm):  δ 28.4 (Me), 79.3 
(CHCHCH), 87.7 (CHCHCH), 98.3 (CC), 194.4 (COMe), 222.3 (CO).  IR (KBr, cm-
1):  2027, 1964, 1942 (CO), 1704, 1674, 1663 (COMe).  MS(MALDI-TOF):  m/z 
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460 (M+ + Matrix - Me), 389 (M+ + Matrix - (COMe)2).  Analysis Calc for 
C12H9O5Mn:  C, 50.02; H, 3.15.  Found:  C, 49.95; H, 2.92.   
Attempted synthesis of [Mn(CO)3{η5-SC7H3-1,3-Me2}]  (2d).  In a 125-mL 
Schlenk flask, 2c (100 mg, 0.349 mmol) was added to a stirred suspension of 
P4S10 (776 mg, 1.75 mmol) and NaHCO3 (161 mg, 1.92 mmol) in 40 mL of CS2.  
The reaction was allowed to reflux for 2 h and cooled to room temperature.  The 
reaction was passed through a thin pad of alumina and the volatiles were removed 
in vacuo.  1H NMR showed no indication of the desired product. 
Synthesis of [Mn(CO)3{η5-1,2-C5H3(COTp)2}] (3c).  Synthesis of 3c was 
previously performed by Snyder and Selegue75 without full characterization.  This 
procedure was used without modification.  Full characterization is reported here.  
Mp:  140–142 °C.   1H NMR (200 MHz, C6D6, ppm):  δ 3.67 (t, 1H, 3J = 3.0 Hz, 
CHCHCH), 4.63 (d, 2H, 3J = 3.0 Hz, CHCHCH), 6.40 (t, 2H, 3J = 3.8 Hz, Tp), 6.72 
(d, 2H, J = 4.6 Hz, Tp), 7.31 (d, 2H, J = 3.8 Hz, Tp).  13C{1H} NMR (50 MHz, C6D6, 
ppm):  δ 79.3 (CHCHCH), 87.4 (CHCHCH), 102.5 (CC), 133.6, 134.6, 143.9, 167.5 
(Tp), 181.4 (COTp), 223.1 (CO).  IR (KBr, cm-1):  2025, 1950, 1927 (CO), 1620 
(COTp).  MS (EI):  m/z 424 (M+).  Analysis Calc. for C18H9O5S2Mn:  C, 50.95; H, 
2.14.  Found:  C, 51.07; H, 2.09. 
Synthesis of [Mn(CO)3{η5-SC7H3-1,3-Tp2}]  (3d).  Method A:  In a 125-mL 
Schlenk flask, 3c (130 mg, 0.265 mmol) was added to a stirred suspension of 
P4S10 (589 mg, 1.33 mmol) and NaHCO3 (123 mg, 1.46 mmol) in 40 mL of CS2.  
The reaction was allowed to reflux for 2 h and cooled to room temperature.  The 
reaction was passed through a thin pad of alumina and the volatiles were removed 
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in vacuo.  1H NMR showed no indication of the desired product.  Method B:  In a 
125-mL Schlenk flask, 3c (300 mg, 0.708 mmol) was added to a stirred suspension 
of Lawesson’s reagent (300 mg, 0.742 mmol) in 40 mL of benzene.  The reaction 
was allowed to reflux for 8 h when additional Lawesson’s reagent (300 mg, 0.742 
mmol) was added.  The reaction was allowed to reflux for another 8 h and cooled 
to room temperature.  The reaction mixture was then passed through a thick pad of 
alumina and the volatiles were removed in vacuo.  The crude product was 
triturated with cold pentane to give 12d (241 mg, 80.3%) as a deep purple solid.  
An analytically pure sample was obtained by chromatographing 12d with a 30/70 
mixture of toluene/pentane on a thick pad of silica.  Mp:  140–170 °C (dec).  1H 
NMR (200 MHz, d-acetone, ppm):  δ 5.72 (d, 2H, 3J = 3.0 Hz, CHCHCH), 5.80 (t, 
1H, 3J = 3.0 Hz, CHCHCH), 7.18 (dd, 2H, 3J = 5.2 Hz, 3J’ = 3.8 Hz, Tp), 7.44 (dd, 
2H, 3J = 3.8 Hz, 4J = 1.2 Hz, Tp), 7.56 (dd, 2H, 3J = 5.2 Hz, 4J = 1.2 Hz, Tp).  
13C{1H} NMR (50 MHz, d-acetone, ppm):  δ 66.1 (CHCHCH), 98.5 (CHCHCH), 
113.3 (CC), 122.9 (TpCS), 124.8, 126.6, 129.7, 136.8 (Tp), 224.9 (CO).   IR (KBr, 
cm-1):  2008, 1946, 1926 (CO). MS (EI):  m/z 424 (M+). Analysis Calc. for 
C18H9S3O3Mn:  C, 50.94; H, 2.14.  Found:  C, 51.27; H, 2.21.               
    Synthesis of 1,2-C5H3(C-4-TolOH)(CO-4-Tol) (4a).  To a 250-mL three-
necked round-bottom flask, freshly cracked dicyclopentadiene (5.00 g, 6.25 mL, 
76.9 mmol) was slowly added to a stirred solution of n-butyllithium (33 mL, 2.5 M in 
hexanes, 82.5 mmol) in 75 mL of ethyl ether.  A white precipitate of 
cyclopentadienyllithium immediately formed.  The white suspension was stirred at 
0 °C for 15 minutes.  4-Toluoyl chloride (7.91 g, 6.82 mL, 51.2 mmol) was added 
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dropwise and a bright yellow color formed immediately.  The yellow suspension 
was allowed to warm to room temperature and stir for 2 h.  The reaction was 
hydrolyzed with 3% acetic acid (50 mL).  The organic layer was collected and the 
aqueous layer was exacted with ethyl ether (3 x 50 mL).  The combined ether 
extracts were combined and dried over MgSO4.  The volatiles were removed in 
vacuo to give an orange semi-solid.  Trituration with cold methanol and filtration 
yielded 4a (4.04 g, 54.1%) as a yellow orange solid.  Mp:  141–143 °C.  1H NMR 
(200 MHz, CDCl3, ppm):  δ 2.44 (s, 6H, Me), 6.46 (t, 1H, 3J = 4.0, CHCHCH), 7.25 
(d, 2H, 3J = 4.0, CHCHCH), 7.28 (dt, 4H, 3J = 4.4, 4J = 2.2, Ar), 7.70 (dt, 4H, 3J = 
4.4, 4J = 2.2, Ar) 18.55 (s, 1H, OH).  13C{1H} NMR (50 MHz, CDCl3, ppm):  δ 21.9 
(Me), 122.7 (CHCHCH), 124.5 (CHCHCH), 129.0 (Ar), 129.2 (CC), 130.1, 141.2, 
142.1 (Ar), 185.5 (4-TolCO).  IR (KBr, cm-1):  3435, (vb, OH), 2919 (Me), 1607 
(CO).  GC/MS:  m/z 302 (M+).  HRMS:  (M+) calcd 302.1307, obsd 302.1306.  
Analysis Calc. for C21H18O2:  C, 83.42; H, 6.00.  Found:  C, 83.40; H, 5.91.                          
Synthesis of [Tl{1,2-C5H3(CO-4-Tol)2}] (4b).  In a 125-mL Schlenk flask, 
TlOEt (826 mg, 3.31 mmol) was added via syringe to a stirred solution of 4a (1.00 
g, 3.31 mmol) in 40 mL of THF.  A yellow precipitate immediately formed.  The 
suspension was allowed to stir for two h at room temperature and the volatiles 
were removed in vacuo.  The crude, yellow solid was washed with 5 mL of cold 
ethyl ether and filtered to give 4b (1.27 g, 76.0%) as a bright yellow solid.  Mp:  
190–210 °C (dec).   1H NMR (200 MHz, DMSO-d6, ppm):  δ 2.30 (s, 6H, Me), 5.64 
(t, 1H, 3J = 3.6 Hz, CHCHCH), 6.18 (d, 2H, 3J = 3.6 Hz, CHCHCH), 7.07 (d, 4H, 3J 
= 7.8 Hz, Ar), 7.56 (d, 4H, 3J = 7.8 Hz, Ar). 13C{1H} NMR (50 MHz, DMSO-d6, 
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ppm):  δ 20.8 (Me), 109.6 (CHCHCH), 122.6 (CHCHCH), 125.4 (CC), 127.6, 129.2, 
138.6, 140.5 (Ar), 188.7 (4-TolCO).  IR (KBr, cm-1):  3027 (CH), 1606 (Ar), 1346 
(C–O).  MS (EI):  m/z 507 (M+).  Analysis Calc. for C21H18O2Tl:  C, 49.87; H, 3.39.  
Found:  C, 49.97; H, 3.28.     
Synthesis of [Mn(CO)3{η5-1,2-C5H3(4-COTol)2}] (4c).  In a 100-mL 
Schlenk flask, [MnBr(CO)5] (250 mg, 0.910 mmol) was added to a stirred solution 
of  4b (460 mg, 0.910 mmol) in 40 mL of benzene.  The solution was allowed to 
reflux overnight.  The reaction was cooled, passed through a thin pad of Celite, 
and the volatiles were removed in vacuo.  The crude product was triturated with 
cold pentane to yield 4c (366 mg, 91.4%) as a light yellow solid.  An analytically 
pure sample was obtained by recrystallization from hot hexanes.  Mp:  113–115 
°C.  1H NMR (200 MHz, C6D6, ppm):  δ 1.86 (s, 6H, Me), 3.72 (t, 1H, 3J = 2.8 Hz, 
CHCHCH), 4.62 (d, 2H, 3J = 2.8 Hz, CHCHCH), 6.74 (d, 4H, 3J = 8.0 Hz, Ar), 7.65 
(d, 4H, 3J = 8.0 Hz, Ar).  13C{1H} NMR (50 MHz, C6D6, ppm):  δ 20.9 (Me), 78.6 
(CHCHCH), 87.3 (CHCHCH), 102.5 (CC), 128.7, 128.8, 134.8, 143.2 (Ar), 188.9 
(4-TolCO), 222.5 (CO).  IR (KBr, cm-1):  2026, 1963, 1943 (CO).  MS (EI):  m/z 
440 (M+).  Analysis Calc. for C24H17O5Mn:  C, 65.46; H, 3.89.  Found:  C, 65.48; H, 
3.83.     
Synthesis of [Mn(CO)3{η5-SC7H3-1,3-(4-COTol)2}]  (4d).  In a 125-mL 
Schlenk flask, 4d (112.5 mg, 0.256 mmol) was added to a stirred suspension of 
P4S10 (569 mg, 1.28 mmol) and NaHCO3 (117 mg, 1.39 mmol) in 40 mL of CS2.  
The reaction mixture was allowed to reflux for 2 h and cooled to room temperature.  
The reaction mixture was passed through a thick pad of alumina and the volatiles 
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were removed in vacuo.  The crude product was triturated with cold pentane to 
give 4d (37.5 mg, 33.3%) as red solid.  Mp:  118–120 °C.  1H NMR (200 MHz, 
C6D6, ppm):  δ 2.11 (s, 6H, Me), 4.75 (t, 1H, 3J = 3.0 Hz, CHCHCH), 4.84 (d, 2H, 
3J = 3.0 Hz, CHCHCH), 7.03 (d, 4H, 3J = 8.0 Hz, Ar), 7.45 (d, 4H, 3J = 8.0 Hz, Ar).  
13C{1H} NMR (50 MHz, C6D6, ppm):  δ 21.5 (Me), 87.9 (CHCHCH), 96.9 
(CHCHCH), 113.5 (CC), 126.1, 130.5, 131.9, 137.6 (Ar), 224.8 (CO).  IR (KBr, cm-
1):  2007, 1929, 1896 (CO).  MS (EI):  m/z 440 (M+).  Analysis Calc. for 
C24H17SO3Mn:  C, 65.46; H, 3.89.  Found:  C, 65.35; H, 4.30.  Electronic spectrum 
(CH2Cl2) λmax nm/(log ε) 518 (3.79).     
Synthesis of anisoyl chloride (5).  The following is a slightly modified 
procedure of Petasis and Teets.94  In a 25-mL round-bottom flask, anisic acid (2.00 
g, 13.2 mmol) was added to a stirred solution of SOCl2 (7.86 g, 4.81 mL, 66 mmol) 
in 8 mL of toluene.  The solution was allowed to reflux for 4 h.  The volatiles were 
removed in vacuo to give 21 (2.06 g, 92.1%) as an amber oil. 1H NMR (200 MHz, 
CDCl3, ppm):  δ 3.89 (s, 3H, OMe), 6.95 (dt, 2H, 3J = 9.2 Hz, 4J = 2.4 Hz, Ar), 8.06 
(dt, 2H, 3J = 9.2 Hz, 4J = 2.4 Hz, Ar).  GC/MS:  m/z 170 (M+), 135 (M+ – Cl).  
Synthesis of 1,2-C5H3(COH-4-C6H4OMe)(CO-4-C6H4OMe) (5a).  Synthesis 
of 5a was performed using a slightly modified procedure of Wallace and Selegue.76  
In a 250-mL three-necked round-bottom flask, freshly cracked cyclopentadiene 
(5.04 g, 6.28 mL, 77.5 mmol) was added dropwise to a stirred solution of n-butyl 
lithium (33 mL of 2.5 M, 82.5 mmol) in 75 mL of ethyl ether.  A white precipitate of 
cyclopentadienyllithium immediately formed.  The white suspension was stirred at 
0 °C for 15 minutes.  A solution of 5 (6.98 g, 51.67 mmol) in 20 mL of ethyl ether 
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was added dropwise.  A bright yellow color formed immediately.  The mixture was 
allowed to warm to room temperature and stir for 2 h.  The reaction mixture was 
hydrolyzed with 3% acetic acid (50 mL).  The organic layer was collected and the 
aqueous layer was exacted with ethyl ether (3 x 50 mL).  The combined ether 
extracts were combined and dried over MgSO4.  The volatiles were removed in 
vacuo to give a yellow-brown semi-solid.  Trituration with cold methanol gave 5a 
(4.23 g, 49.0%) as a dark yellow solid.   Mp:  151–153 °C. 1H NMR (200 MHz, 
CDCl3, ppm):  δ 3.20 (s, 6H, MeO), 6.49 (t, 1H, 3J = 4.0 Hz, CHCHCH), 6.66 (d, 
4H, 3J = 9.2 Hz, Ar), 7.32 (d, 2H, 3J = 4.0 Hz, CHCHCH), 7.78 (d, 4H, 3J = 9.2 Hz, 
Ar), 19.45 (s, 1H, OH).  13C{1H} NMR (50 MHz, CDCl3, ppm):  δ 55.7 (MeO), 113.8 
(CHCHCH), 122.3 (CHCHCH), 124.3 (CC), 130.4, 132.3, 140.5, 162.7 (Ar), 184.8 
(CO4-MeOPh).  IR (KBr, cm-1):  3437 (vb, OH), 1603 (CO), 1255 (MeO).  HRMS:  
(M+) calcd 334.1205, obsd 334.1194.  Analysis Calc. for C21H18O4:  C, 75.43; H, 
5.43.  Found:  C, 75.16; H, 5.63.    
Synthesis of [Tl{1,2-C5H3(CO-4-C6H4OMe)2}] (5b).  In a 125-mL Schlenk 
flask, TlOEt (762 mg, 3.05 mmol) was added via syringe to a stirred solution of 5a 
(1.02 g, 3.05 mmol) in 30 mL of THF.  A yellow precipitate immediately formed.  
The suspension was allowed to stir for two h at room temperature and the volatiles 
were removed in vacuo.  The crude, yellow solid was washed with cold ethyl ether 
and filtered to give 5b (1.25 g, 76.2%) as a bright yellow solid.    Mp:  170–200  °C 
(dec).  1H NMR (200 MHz, DMSO-d6 ppm):  δ 3.76 (s, 6H, MeO), 5.65 (t, 1H, 3J = 
3.6 Hz, CHCHCH), 6.19 (d, 2H, 3J = 3.6 Hz, CHCHCH), 6.83 (d, 4H, 3J = 8.8 Hz, 
Ar), 7.66 (d, 4H, 3J = 8.8 Hz, Ar).  13C{1H} NMR (50 MHz, CDCl3, ppm):  δ 55.0 
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(MeO), 109.4 (CHCHCH), 112.3 (CHCHCH), 121.9 (CC), 125.4, 130.9, 135.7, 
160.3 (Ar), 188.2 (CO4-MeOPh).  IR (KBr, cm-1):  1602 (CO), 1255 (MeO).  MS 
(EI):  m/z 538 (M+).  Analysis Calc. for C21H17O4Tl:  C, 46.91; H, 3.19.  Found:  C, 
39.65; H, 2.63.            
Synthesis of [Mn(CO)3{η5-1,2-C5H3(CO-4-C6H4OMe)2}] (5c).  In a 125-mL 
Schlenk flask, [MnBr(CO)5] (177 mg, 0.546 mmol) was added to a stirred 
suspension of  5b (346 mg, 0.643 mmol) in 40 mL of benzene.  The solution was 
allowed to reflux overnight.  The reaction was cooled and passed through a thin 
pad of Celite and the volatiles were removed in vacuo.  The crude product was 
isolated by dissolving into hot ethyl ether and precipitating by slow addition of 
hexanes to yield 5c (175 mg, 54.7%) as a light yellow solid.  Slow recrystallization 
from ethyl ether at room temperature in air gave single, yellow crystals.  Mp:  116–
118 °C.   1H NMR (200 MHz, C6D6, ppm):  δ 3.05 (s, 6H, OMe), 3.76 (t, 1H, 3J = 
2.8 Hz, CHCHCH), 4.63 (d, 2H, 3J = 2.8 Hz, CHCHCH), 6.48 (dt, 4H, 3J = 7.0 Hz, 
4J = 1.8 Hz, m-Ar), 7.74 (dt, 4H, 3J = 7.0 Hz, 4J = 1.8 Hz, o-Ar).  13C{1H} NMR (50 
MHz, C6D6, ppm):  δ 55.1 (MeO), 79.4 (CHCHCH), 87.5 (CHCHCH), 103.9 (CC), 
114.3, 131.0, 131.7, 164.1 (Ar), 188.6 (CO4-MeOC6H4), 223.6 (CO).  IR (KBr, cm-
1):  2027, 1952, 1931 (CO).  MS (EI):  m/z 473 (M+ + 1).  Analysis Calc. for 
C24H17O7Mn:  C, 61.03; H, 3.63.  Found:  C, 61.00; H, 3.43.          
Synthesis of [Mn(CO)3{η5-SC7H3-1,3-(4-MeOC6H4)2}] (5d).  In a 125-mL 
Schlenk flask, 5c (122 mg, 0.258 mmol) was added to a stirred suspension of 
P4S10 (1.15 g, 2.58 mmol) and NaHCO3 (239 mg, 2.84 mmol) in 40 mL of CS2.  
The reaction was allowed to reflux for 2 h and cooled to room temperature.  The 
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reaction was then passed through a thick pad of alumina and the volatiles were 
removed in vacuo.  The crude product was triturated with cold pentane to give 5d 
(25.7 mg, 21.4%) as a purple solid.  Mp:  80–102 °C (dec).  1H NMR (200 MHz, 
C6D6, ppm):  δ 3.30 (s, 6H, MeO), 4.79 (t, 1H, 3J = 2.8 Hz, CHCHCH), 4.87 (d, 2H, 
3J = 2.8 Hz, CHCHCH), 6.84 (dt, 4H, 3J = 7.0 Hz, 4J = 2.2 Hz, m-Ar), 7.64 (dt, 4H, 
3J = 7.0 Hz, 4J = 1.8 Hz, o-Ar).  13C{1H} NMR (50 MHz, C6D6, ppm):  δ 55.3 (MeO), 
64.7 (CHCHCH), 96.8 (CHCHCH), 114.3 (CC), 115.0 (ArCS), 115.5, 127.5, 131.7 
159.8 (Ar), 224.9 (CO).  IR (KBr, cm-1):  2018, 1932 (CO). MS (EI):  m/z 472 (M+).  
Analysis Calc. for C24H17SO5Mn:  C, 61.03; H, 3.63.  Found:  C, 61.32; H, 4.64.  
Electronic spectrum (CH2Cl2) λmax nm/(log ε) 530 (3.83).    
  Synthesis of 1,2-C5H3(COH-4-C6H4NO2)(CO-4-C6H4NO2) (6a).  Synthesis 
of 6a was performed using a slightly modified procedure of Wallace and Selegue.76  
In a 250-mL three-necked round-bottom flask, freshly cracked cyclopentadiene 
(5.00 g, 6.25 mL, 76.9 mmol) was slowly added to a stirred solution of n-
butyllithium (33 mL, 2.5 M in hexanes, 82.5 mmol) in 75 mL of ethyl ether.  A white 
precipitate of cyclopentadienyllithium immediately formed.  The white suspension 
was stirred at 0 °C for 15 minutes.  4-Nitrobenzoyl chloride (9.52 g, 51.3 mmol) 
was added slowly and a brown color immediately formed.  The brown suspension 
was allowed to warm to room temperature and stir for 2 h.  The reaction mixture 
was hydrolyzed with 3% acetic acid (50 mL).  The reaction mixture was filtered and 
washed with ethyl ether to give 9.40 g of crude product.  The product was isolated 
by chromatography using a thick pad of silica and methylene chloride as eluent.  
The volatiles were removed in vacuo to give 6a (4.23 g, 45.3%) as a bright orange 
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powder.   Mp:  180–210 °C (dec).  1H NMR (200 MHz, CDCl3, ppm):  δ 6.58 (t, 1H, 
3J = 4.0 Hz, CHCHCH), 7.24 (d, 2H, 3J = 4.0 Hz, CHCHCH), 7.94 (dt, 4H, 3J = 9.2 
Hz, 4J = 2.2 Hz, Ar), 8.37 (dt, 4H, 3J = 9.2 Hz, 4J = 2.2 Hz, Ar), 18.21 (s, 1H, OH).  
13C{1H} NMR (50 MHz, C6D6, ppm):  δ 123.8 (CHCHCH), 125.0 (CC), 125.3 
(CHCHCH), 130.8, 143.0, 143.3, 149.9 (Ar), 183.0 (CO4-NO2Ph).   IR (KBr, cm-1):  
3424 (vb, OH), 1554 (CO), 1515, 1346 (NO2).  HRMS:  (M+) calcd 364.0703, obsd 
364.0695.  Analysis Calc. for C19H12N2O6:  C, 62.64; H, 3.32.  Found:   C, 61.95; H, 
3.20.  
Attempted Synthesis of [Tl{1,2-C5H3(CO-4-C6H4NO2)2}] (6b).  In a 125-
mL Schlenk flask, TlOEt (7.21 mg, 2.89 mmol) was added via syringe to a stirred 
solution of 6a (1.00 g, 2.89 mmol) in 40 mL of THF.  There was no indication of 
color change or formation of precipitate.  Analysis of the crude reaction mixture by 
1H NMR indicated the presence of starting material and no indication of the desired 
product 6b. 
Synthesis of [Mn(CO)3{η5-1,2-C5H3(CO-4-C6H4NO2)2}] (6c).  To a 125-mL 
Schlenk flask, 6a (150 mg, 0.412 mmol) was added to 30 mL of THF at 0 °C.  To 
the suspension, potassium tert-butoxide (46.2 mg, 0.412 mmol) was added and the 
suspension darkened.  The reaction was allowed to warm to room temperature and 
stir for 30 minutes.  To the reaction mixture, [MnBr(CO)5] (113 mg, 0.412 mmol) 
was added and the solution was allowed to reflux overnight.  The reaction was 
cooled and passed through a thin pad of Celite and the volatiles were removed in 
vacuo.  The crude product was washed with ethyl ether and the volatiles were 
removed in vacuo to give a crude orange product.  Analysis by 1H NMR and TLC 
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indicated a complicated mixture of products, one of which the desired material.  
Due to the low yield of the reaction and large amounts of insoluble materials 
present, this route was abandoned.  A partial characterization of 6c is reported.  1H 
NMR (200 MHz, acetone-d, ppm):  δ 4.99 (t, 1H, CHCHCH), 5.23 (d, 2H, 
CHCHCH), 6.62 (d, 4H, 3J = 8.4 Hz, Ar), 7.65 (d, 4H, 3J = 8.4 Hz, Ar).  IR (KBr, 
cm-1):  2025, 1921 (CO).             
 Synthesis of [Re(CO)3{η5-1,2-C5H3(COPh)2}] (7c).  In a 125-mL Schlenk 
flask, [ReBr(CO)5] (201 mg, 0.495 mmol) was added to a stirred solution of 1b (236 
mg, 0.495 mmol) in 40 mL of benzene.  The solution was allowed to reflux for 6 h.  
The reaction was cooled and passed through a thin pad of Celite and the volatiles 
were removed in vacuo. The product was purified by washing with hot hexanes 
and filtering to give 7c (164 mg, 60.9%) as an orange powder.  Mp:  152–153 °C.  
1H NMR (200 MHz, C6D6, ppm):  δ 4.19 (t, 1H, 3J = 2.4 Hz, CHCHCH), 4.89 (d, 
2H, 3J = 2.4 Hz, CHCHCH), 6.88–7.03 (m, 6H, Ar), 7.58–7.63 (m, 4H, Ar).  13C{1H} 
NMR (50 MHz, C6D6, ppm):  δ 82.1 (CHCHCH), 88.8 (CHCHCH), 107.0 (CC), 
127.4, 129.4, 133.2, 137.5 (Ar), 188.3 (PhCO) 192.1 (CO).  IR (KBr, cm-1):  2026, 
1943 (CO).  MS (EI):  m/z 544 (M+).  Analysis Calc for C22H13O5Re:  C, 48.61; H, 
2.41.  Found:  C, 47.76; H, 2.31.     
Attempted synthesis of [Re(CO)3{η5-SC7H3-1,3-Ph2}]  (7d). In a 125-mL 
Schlenk flask, 7c (130 mg, 0.315 mmol) was added to a stirred suspension of 
P4S10 (700 mg, 1.58 mmol) and NaHCO3 (146 mg, 1.73 mmol) in 40 mL of CS2.  
The reaction mixture was allowed to reflux for 8 h.   Monitoring the reaction by IR 
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and TLC gave no indication that the desired product had formed.  Analysis of the 
crude reaction material by 1H NMR showed no indication that 7d was present. 
    Synthesis of benzo[b]thiophene-2-carbonyl chloride (8).  The 
following is a slightly modified procedure of Petasis and Teets.94  In a 50-mL 
Schlenk flask, benzo[b]thiophene-2-carboxylic acid (2.00 g, 11.2 mmol) was added 
to a stirred solution of SOCl2 (7.86 g, 4.81 mL, 66 mmol) in 10 mL of toluene.  The 
solution was allowed to reflux for 3.5 h.  The volatiles were removed in vacuo to 
give 8 (1.85 g, 82.1%) as a white solid. 1H NMR (200 MHz, CDCl3, ppm):  δ 7.44–
7.57 (m, 2H, Ar), 7.84–7.96 (m, 2H, Ar), 8.27 (s, 1H, Tp).  MS(EI):  m/z 196 (M+).  
Synthesis of 1,2-C5H3(COHC8H5S)(COC8H5S) (8a).  To a 250-mL three-
necked round-bottom flask, freshly cracked cyclopentadiene (0.908 g, 1.13 mL, 
14.0 mmol) was added dropwise to a stirred solution of n-butyllithium (5.59 mL of 
2.5 M, 14.0 mmol) in 75 mL of ethyl ether.  A white precipitate of 
cyclopentadienyllithium immediately formed.  The white suspension was stirred at 
0 °C for 15 minutes.  To the reaction mixture, 8 (1.66 g, 8.45 mmol) was added.  A 
bright orange color formed immediately.  The mixture was allowed to warm to room 
temperature and stir for 1 hour.  The reaction mixture was hydrolyzed with 3% 
acetic acid (50 mL) and an orange precipitate formed.  The precipitate was filtered 
and dried in vacuo to give 8a (1.54 g, 70.9%) as a bright orange solid.   Mp:  225 – 
226 °C. 1H NMR (200 MHz, CDCl3, ppm):  δ 6.62 (t, 1H, 3J = 4.0 Hz, CHCHCH), 
7.42–7.48 (m, 4H, Ar), 7.78 (d, 2H, 3J = 4.0 Hz, CHCHCH), 7.78 (m, 2H, Ar), 8.10 
(s, 2H, Tp) 18.25 (s, 1H, OH).  13C{1H} NMR (50 MHz, CDCl3, ppm):  δ 122.9 
(CHCHCH), 124.2 (CHCHCH), 124.9 (CC), 125.3, 125.3, 125.7, 131.1, 139.1, 
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140.6, 142.4 (Ar), 192.2 (CO).  IR (KBr, cm-1):  3426 (vb, OH), 1590 (CO). HRMS:  
(M+) calcd 386.0435, obsd 386.0429.  Analysis Calc. for C23H14S2O2:  C, 71.48; H, 
3.65.  Found:  C, 70.40; H, 3.34.       
Synthesis of [Tl{1,2-C5H3(COC8H5S)2}] (8b).  In a 125-mL Schlenk flask, 
TlOEt (696 mg, 2.79 mmol) was added via syringe to a stirred solution of 8a (1.08 
g, 2.79 mmol) in 30 mL of THF.  A red-orange precipitate formed immediately.  The 
suspension was allowed to stir for two h at room temperature and the volatiles 
were removed in vacuo.  The crude product was washed with cold ethyl ether and 
filtered to give 8b (921 mg, 56.0%) as a red-orange solid.    Mp:  stable above 230 
°C.  1H NMR (200 MHz, DMSO-d6 ppm):  δ 5.80 (t, 1H, 3J = 3.6 Hz, CHCHCH), 
6.60 (d, 2H, 3J = 3.6, CHCHCH), 7.34–7.39 (m, 6H, Ar), 7.81 (s, 2H, Tp), 7.85–
7.94 (m, 2H, Ar).  13C{1H} NMR (50 MHz, CDCl3, ppm):  δ 111.0 (CHCHCH), 122.6 
(CHCHCH), 123.5 (CC), 124.3, 124.9, 125.2, 125.4, 126.6, 139.5, 140.5 (Ar), 
181.1 (CO).  IR (KBr, cm-1):  1598 (CO).  MS (EI):  m/z 590 (M+).  Analysis Calc. 
for C23H13S2O2Tl:  C, 46.81; H, 2.22.  Found:  C, 37.64; H, 1.35.            
Synthesis of [Mn(CO)3{η5-1,2-C5H3(COC8H5S)2}] (8c).  In a 125-mL 
Schlenk flask, [MnBr(CO)5] (150 mg, 0.546 mmol) was added to a stirred solution 
of  8b (316 mg, 0.546 mmol) in 40 mL of benzene.  The solution was allowed to 
reflux overnight.  The reaction was cooled and passed through a thin pad of Celite 
and the volatiles were removed in vacuo.  The crude product was triturated with 
cold pentane to give 8c (244 mg, 88.5%) as a yellow-orange solid.    Mp:  112–114 
°C.  1H NMR (200 MHz, C6D6, ppm):  δ 3.74 (t, 1H, 3J = 2.6 Hz, CHCHCH), 4.72 
(d, 2H, 3J = 2.6 Hz, CHCHCH), 6.92–6.96 (m, 6H, Ar), 7.35–7.38 (m, 2H, Ar) 7.64 
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(s, 2H, Tp).  13C{1H} NMR (50 MHz, C6D6, ppm):  δ 79.2 (CHCHCH), 87.9 
(CHCHCH), 102.2 (CC), 123.4, 125.5, 126.4, 131.0, 139.4, 143.2, 143.3 (Ar), 
183.0 (COBzTp), 222.9 (CO).  IR (KBr, cm-1):  2032, 2008, 1943 (CO).  MS (EI): 
m/z 506 (M+ - H2O).  Analysis Calc. for C26H13S2O5Mn:  C, 59.55; H, 2.50.  Found:  
C, 59.47; H, 2.54.          
Synthesis of [Mn(CO)3{η5-SC7H3-1,3-(C8H5S)2}] (8d).  In a 125-mL 
Schlenk flask, 8c (127 mg, 0.242 mmol) was added to a stirred suspension of 
P4S10 (539 mg, 1.21 mmol) and NaHCO3 (104 mg, 1.24 mmol) in 40 mL of CS2.  
The reaction mixture was allowed to reflux for 2 h and cooled to room temperature.  
The reaction mixture was then passed through a thick pad of alumina and the 
volatiles were removed in vacuo.  The crude product was triturated with cold 
pentane to give 8d (41.8 mg, 33.0%) as a purple solid.  Mp:  90–91 °C.  1H NMR 
(200 MHz, C6D6, ppm):  δ 4.73 (d, 2H, 3J = 3.0 Hz, CHCHCH), 4.93 (t, 1H, 3J = 3.0 
Hz, CHCHCH), 6.92–7.03 (m, 4H, Ar), 7.26–7.49 (m, 4H, Ar) 7.64 (s, 2H, Tp).  
13C{1H} NMR (50 MHz, C6D6, ppm):  δ 66.3 (CHCHCH), 79.3 (CHCHCH), 87.9 
(CC), 120.6 (ArCS), 122.8, 123.4, 124.2, 125.5, 125.7, 126.4, 131.0, 141.0 (Ar), 
224.4 (CO).  IR (KBr, cm-1):  2005, 1940, 1921 (CO). MS (EI):  m/z 524 (M+).  
Analysis Calc. for C26H13S3O3Mn:  C, 59.55; H, 2.50.  Found:  C, 59.53; H, 2.68.  
Electronic spectrum (CH2Cl2) λmax nm/(log ε) 561 (3.99).    
Synthesis of 1,2-C5H3(COH-4-ClC6H4)(CO-4-ClC6H4) (9a).  To a 250-mL 
three-necked round-bottom flask, freshly cracked cyclopentadiene (5.04 g, 6.28 
mL, 77.5 mmol) was added dropwise to a stirred solution of n-butyllithium (33.0 mL 
of 2.5 M, 82.5 mmol) in 75 mL of ethyl ether.  A white precipitate of 
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cyclopentadienyllithium immediately formed.  The white suspension was stirred at 
0 °C for 15 minutes.  To the reaction mixture, 4-chlorobenzoyl chloride (8.82 g, 
50.4 mmol) was added.  A bright yellow color formed immediately.  The mixture 
was allowed to warm to room temperature and stir for 1 hour.  The reaction mixture 
was hydrolyzed with 3% acetic acid (50 mL).   The organic layer was collected and 
the aqueous layer was exacted with ethyl ether (3 x 50 mL).  The combined ether 
extracts were combined and dried over MgSO4.  The volatiles were removed in 
vacuo to give a yellow-brown semi-solid.  Trituration with cold methanol gave 9a 
(3.98 g, 44.8%) as a yellow solid. Mp:  158–160 °C. 1H NMR (200 MHz, CDCl3, 
ppm):  δ 6.50 (t, 1H, 3J = 3.6 Hz, CHCHCH), 7.23 (d, 2H, 3J = 3.6 Hz, CHCHCH), 
7.47 (dt, 4H, 3J = 8.6 Hz, 4J = 2.4 Hz, Ar), 7.73 (dt, 4H, 3J = 8.6 Hz, 4J = 2.4 Hz, 
Ar), 18.39 (s, 1H, OH).  13C{1H} NMR (50 MHz, CDCl3, ppm):  δ 123.7 (CHCHCH), 
124.6 (CC), 128.8 (CHCHCH), 131.4, 136.2, 138.2, 141.9 (Ar), 184.3 (CO).  IR 
(KBr, cm-1):  3448 (vb, OH), 1682 (CO). HRMS:  (M+) calcd, 342.0209 (35Cl), obsd. 
342.0200 (35Cl). Analysis Calc. for C19H12O2Cl2:  C, 66.49; H, 3.52.  Found:  C, 
65.89; H, 3.66.       
Synthesis of [Tl{1,2-C5H3(CO-4-ClC6H4)2}] (9b).  In a 125-mL Schlenk 
flask, TlOEt (727 mg, 2.92 mmol) was added via syringe to a stirred solution of 8a 
(1.00 g, 2.92 mmol) in 30 mL of THF.  A yellow precipitate formed immediately.  
The suspension was allowed to stir for two h at room temperature and the volatiles 
were removed in vacuo.  The crude product was washed with cold ethyl ether and 
filtered to give 8b (1.13 g, 70.8%) as a yellow solid.    Mp:  180 – 200 °C (dec).  1H 
NMR (200 MHz, DMSO-d6 ppm):  δ 5.70 (t, 1H, 3J = 3.6 Hz, CHCHCH), 6.26 (d, 
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2H, 3J = 3.6, CHCHCH), 7.31 (d, 4H, 3J = 8.6, Ar), 7.60 (d, 4H, 3J = 8.6, Ar).  
13C{1H} NMR (50 MHz, CDCl3, ppm):  δ 110.7 (CHCHCH), 123.3 (CC), 127.1 
(CHCHCH), 127.6, 130.6, 133.8, 142.2 (Ar), 187.4 (CO).  IR (KBr, cm-1):  1586 
(CO).  MS (EI):  m/z 534 (M+ - 12), 342 (M+ - Tl).  Analysis Calc. for C19H11O2Cl2Tl:  
C, 41.75; H, 2.03.  Found:  C, 36.86; H, 1.64.            
Synthesis of [Mn(CO)3{η5-1,2-C5H3(CO-4-ClC6H4)2}] (9c).  In a 125-mL 
Schlenk flask, [MnBr(CO)5] (250 mg, 0.909 mmol) was added to a stirred solution 
of  9b (497 mg, 0.909 mmol) in 40 mL of benzene.  The solution was allowed to 
reflux overnight.  The reaction was cooled and passed through a thin pad of Celite 
and the volatiles were removed in vacuo.  The crude product was washed with 
ethyl ether and filtered.   The volatiles were removed in vacuo to give 9c (200 mg,  
45.7%) as a light yellow solid.  An analytically pure sample was obtained by 
recrystallization from hot hexanes.  Mp:  128–129 °C.  1H NMR (200 MHz, C6D6, 
ppm):  δ 3.66 (t, 1H, 3J = 3.0 Hz, CHCHCH), 4.44 (d, 2H, 3J = 3.0 Hz, CHCHCH), 
6.86 (d, 4H, 3J = 8.0 Ar), 7.33 (d, 4H, 3J = 8.0 Hz, Ar).  13C{1H} NMR (50 MHz, 
C6D6, ppm):  δ 79.5 (CHCHCH), 88.3 (CHCHCH), 101.9 (CC), 129.3, 130.4, 136.1, 
139.9 (Ar), 189.0 (COC6H4Cl), 222.9 (CO).  IR (KBr, cm-1):  2030, 1958, 1929 
(CO).  MS (EI):  m/z 481 (M+ + 1).  Analysis Calc. for C22H11O5Cl2Mn:  C, 54.92; H, 
2.30.  Found:  C, 55.42; H, 2.58.          
Synthesis of [Mn(CO)3{η5-SC7H3-1,3-(4-ClC6H4)2}] (9d).  In a 125-mL 
Schlenk flask, 9c (120 mg, 0.249 mmol) was added to a stirred suspension of 
P4S10 (554 mg, 1.25 mmol) and NaHCO3 (107 mg, 1.27 mmol) in 40 mL of CS2.  
The reaction mixture was allowed to reflux for 2 h and cooled to room temperature.  
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The reaction mixture was then passed through a thick pad of alumina and the 
volatiles were removed in vacuo.  The crude product was triturated with cold 
pentane to give 9d (45.5 mg, 37.9%) as a red-purple solid.  Slow recrystallization 
from methylene chloride at room temperature in air gave red, single crystals of 9d.   
Mp:  140–160 °C (dec).  1H NMR (200 MHz, C6D6, ppm):  δ 4.59 (d, 2H, 3J = 3.0 
Hz, CHCHCH), 4.71 (t, 1H, 3J = 3.0 Hz, CHCHCH).  Aromatic resonances were 
obscured by the residual solvent peak.   1H NMR (200 MHz, d-acetone, ppm):  
δ 5.85 (t, 1H, 3J = 3.0 Hz, CHCHCH), 5.93 (d, 2H, 3J = 3.0 Hz, CHCHCH), 7.54 (dt, 
4H, 3J = 8.6 Hz, 4J = 1.8 Hz, Ar), 7.85 (dt, 4H, 3J = 8.6 Hz, 4J = 1.8 Hz, Ar)  13C{1H} 
NMR (50 MHz, d-acetone, ppm):  δ 66.3 (CHCHCH), 99.1 (CHCHCH), 114.4 
(CC), 127.9 (ArCS), 130.5, 131.3, 133.2, 133.7 (Ar), 225.1 (CO).  IR (KBr, cm-1):  
2007, 1949, 1925 (CO). MS (EI):  m/z 480 (M+).  Analysis Calc. for:  C, 54.92; H, 
2.30.  Found:  C, 54.90; H, 2.47.  Electronic spectrum (CH2Cl2) λmax nm/(log ε) 514 
(4.13).    
Synthesis of 1,2-C5H3(COH-4-BrC6H4)(CO-4-BrC6H4) (10a).  To a 250-mL 
three-necked round-bottom flask, freshly cracked cyclopentadiene (5.04 g, 6.28 
mL, 77.5 mmol) was added dropwise to a stirred solution of n-butyllithium (33.0 mL 
of 2.5 M, 82.5 mmol) in 75 mL of ethyl ether.  A white precipitate of 
cyclopentadienyllithium immediately formed.  The white suspension was stirred at 
0 °C for 15 minutes.  To the reaction mixture, 4-bromobenzoyl chloride (11.1 g, 
50.4 mmol) was added.  A bright yellow color formed immediately.  The mixture 
was allowed to warm to room temperature and stir for 1 hour.  The reaction mixture 
was hydrolyzed with 3% acetic acid (50 mL).   The organic layer was collected and 
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the aqueous layer was exacted with ethyl ether (3 x 50 mL).  The combined ether 
extracts were combined and dried over MgSO4.  The volatiles were removed in 
vacuo to give a yellow-brown semi-solid.  Trituration with cold methanol gave 10a 
(2.63, 23.4%) as a yellow solid.  Mp:  168–170 °C.  1H NMR (200 MHz, CDCl3, 
ppm):  δ 6.18 (t, 1H, 3J = 4.0 Hz, CHCHCH), 6.79 (d, 2H, 3J = 4.0 Hz, CHCHCH), 
7.11 (m, 4H, Ar), 7.64 (m, 4H, Ar), 18.35 (s, 1H, OH).  13C{1H} NMR (50 MHz, 
CDCl3, ppm):  δ 123.8 (CHCHCH), 124.6 (CC), 126.6 (CHCHCH), 131.5, 131.8, 
136.6, 141.9 (Ar), 184.3 (CO).  (KBr, cm-1):  3433 (vb, OH), 1631 (CO).  HRMS:  
(M+) calcd, 429.9199 (79Br), obsd. 429.9196 (79Br).  Analysis Calc. for C19H12O2Br2:  
C, 52.81; H, 2.80.  Found:  C, 52.44; H, 2.63.     
Synthesis of [Tl{1,2-C5H3(CO-4-BrC6H4)2}] (10b).  In a 125-mL Schlenk 
flask, TlOEt (451 mg, 1.80 mmol) was added via syringe to a stirred solution of 10a 
(780 mg, 1.80 mmol) in 30 mL of THF.  A yellow precipitate formed immediately.  
The suspension was allowed to stir for two h at room temperature and the volatiles 
were removed in vacuo.  The crude product was washed with cold ethyl ether and 
filtered to give 8b (899 mg, 78.3%) as a yellow solid.    Mp:   160–190 °C (dec).  1H 
NMR (200 MHz, d-DMSO ppm):  δ 5.71 (t, 1H, 3J = 3.6 Hz, CHCHCH), 6.26 (d, 
2H, 3J = 3.6, CHCHCH), 7.45 (d, 4H, 3J = 8.4, Ar), 7.56 (d, 4H, 3J = 8.4, Ar).  
13C{1H} NMR (50 MHz, CDCl3, ppm):  δ  110.7 (CHCHCH), 122.7 (CHCHCH), 
123.3 (CC), 125.0, 130.1, 130.9, 142.5 (Ar), 187.5 (CO).  IR (KBr, cm-1):  1581 
(CO).  MS (EI):  m/z 430 (M+ - Tl).  Analysis Calc. for C19H11O2Br2Tl:  C, 35.91; H, 
1.74.  Found:  C, 35.85; H, 1.51.            
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Synthesis of [Mn(CO)3{η5-1,2-C5H3(CO-4-BrC6H4)2}] (10c).  In a 125-mL 
Schlenk flask, [MnBr(CO)5] (250 mg, 0.909 mmol) was added to a stirred solution 
of  10b (577 mg, 0.909 mmol) in 40 mL of benzene.  The solution was allowed to 
reflux overnight.  The reaction was cooled and passed through a thin pad of Celite 
and the volatiles were removed in vacuo to give 10c (456 mg, 88.2%) as a light 
yellow solid.  An analytically pure sample was obtained by recrystallization from hot 
hexanes.  Mp: 153–154 °C.  1H NMR (200 MHz, C6D6, ppm):  δ 3.66 (t, 1H, 3J = 
3.0 Hz, CHCHCH), 4.44 (d, 2H, 3J = 3.0 Hz, CHCHCH), 7.04 (dt, 4H, 3J = 8.8, 4J = 
2.2, Ar), 7.25 (dt, 4H, 3J = 8.8 Hz, 4J = 2.2, Ar).  13C{1H} NMR (50 MHz, C6D6, 
ppm):  δ  79.6 (CHCHCH), 88.4 (CHCHCH), 101.8 (CC), 130.5, 132.3, 136.4, 
142.1 (Ar), 189.2 (COC6H4Cl), 222.7 (CO).  IR (KBr, cm-1):  2030, 1966 (CO).  MS 
(EI):  m/z 571 (M+ + 1).  Analysis Calc. for C22H11O5Br2Mn:  C, 46.28; H, 1.94.  
Found:  C, 46.89; H, 2.19.          
Synthesis of [Mn(CO)3{η5-SC7H3-1,3-(4-BrC6H4)2}] (10d).  In a 125-mL 
Schlenk flask, 10c (114 mg, 0.200 mmol) was added to a stirred suspension of 
P4S10 (445 mg, 1.00 mmol) and NaHCO3 (85.7 mg, 1.02 mmol) in 40 mL of CS2.  
The reaction mixture was allowed to reflux for 2 h and cooled to room temperature.  
The reaction mixture was then passed through a thick pad of alumina and the 
volatiles were removed in vacuo.  The crude product was triturated with cold 
pentane to give 10d (38.3 mg, 33.6%) as a red-purple solid.  Mp:  140–160 °C 
(dec).  1H NMR (200 MHz, C6D6, ppm):  δ 4.58 (d, 2H, 3J = 2.8 Hz, CHCHCH), 
4.70 (t, 1H, 3J = 2.8 Hz, CHCHCH), 7.09 (dt, 4H, 3J = 8.6 Hz, 4J = 2.0 Hz, Ar), 7.30 
(dt, 4H, 3J = 8.6 Hz, 4J = 2.0 Hz, Ar)  13C{1H} NMR (50 MHz, C6D6, ppm):  δ 64.8 
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(CHCHCH), 97.4 (CHCHCH), 113.5 (CC), 122.0 (ArCS), 127.4, 132.6, 132.7, 
133.0 (Ar), 224.3 (CO).  IR (KBr, cm-1):  2009, 1947, 1928 (CO). MS (EI):  m/z 570 
(M+).  Analysis Calc. for C22H11SO3Br2Mn:  C, 46.28; H, 1.94.  Found:  C, 46.76; H, 
1.72.  Electronic spectrum (CH2Cl2) λmax nm/(log ε) 516 (5.22).    
 Synthesis of [Mn(CO)3{η5-SC7H3-1,3-(4-PhC6H4)2}] (10e).  The following is 
a modified procedure from Fu and coworkers.95  Method A:  To a Teflon stopper- 
sealed Schlenk flask, KF (32.2 mg, 0.554 mmol), Pd2(DBA)3 
(dibenzylideneacetone) (15.4 mg, 0.0168 mmol), and tri(t-butyl)phosphine (6.79 
mg, 0.0776 mmol) were added to a solution of 9d (80.9 mg, 0.168 mmol), 
phenylboronic acid (49.7 mg, 0.370 mmol), and 5 mL of THF.  The reaction was 
allowed to reflux overnight and then cooled to room temperature.  The reaction 
mixture was filtered and the volatiles were removed in vacuo.  Analysis of the 
reaction mixture by 1H NMR indicated the presence of starting material and not the 
desired product 10e.  Method B:  To a Teflon stopper sealed Schlenk flask, KF 
(73.5 mg, 1.28 mmol), Pd2(DBA)3 (35.16 mg, 0.0388 mmol), and tri(t-
butyl)phosphine (15.51 mg, 0.0776 mmol) was added to a solution of 10d (219 mg, 
0.388 mmol), phenylboronic acid (103 mg, 0.8536 mmol), and 10 mL of THF.  The 
reaction was allowed to reflux overnight and then cooled to room temperature.  
The reaction mixture was filtered and the volatiles were removed in vacuo.  The 
product was isolated by chromatography using a thick pad of silica and eluted with 
ethyl ether.  The volatiles were removed in vacuo and trituration with cold pentane 
afforded 10e (81.3 mg, 37.5%) as a deep purple solid.  Mp:  110–111 °C.  1H NMR 
(200 MHz, d-acetone, ppm):  δ 5.97 ( m, 3H, CHCHCH), 7.17–7.97 (m, 18H, Ar).  
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13C{1H} NMR (50 MHz, d-acetone, ppm):  δ 66.4 (CHCHCH), 98.7 (CHCHCH), 
125.7 (ArCS), 126.8, 127.5, 128.6, 129.3, 129.9, 130.4, 132.0, 134.9 (Ar), 224.8 
(CO).  IR (KBr, cm-1):  2014, 1934 (CO).  MS (EI):  m/z 564 (M+), 425 (M+ - 
Mn(CO)3).  Analysis Calc. for C34H21SO3Mn:  C, 72.34; H, 3.75.  Found:  C, 72.45; 
H, 5.30.  Electronic spectrum (CH2Cl2) λmax nm/(log ε) 532 (3.78). 
Synthesis of 5-chlorothiophene-2-carbonyl chloride (11).  The following 
is a slightly modified procedure of Petasis and Teets.94  In a 50-mL Schlenk flask, 
5-chlorothiophene-2-carboxylic acid (6.00 g, 39.3 mmol) was added to a stirred 
solution of SOCl2 (16.3 g, 10 mL, 137 mmol) in 15 mL of toluene.  The solution was 
allowed to reflux for 3 h.  The volatiles were removed in vacuo to give 11 (4.38 g, 
65.5%) as an amber oil. 1H NMR (200 MHz, CDCl3, ppm):  δ 7.02 (d, 1H, 3J = 4.0 
Hz, Tp), 7.78 (d, 1H, 3J = 4.0 Hz, Tp).       
Synthesis of 1,2-C5H3(COH-5-ClC4H2S)(CO-5-ClC4H2S) (11a).  To a 250-
mL three-necked round-bottom flask, freshly cracked cyclopentadiene (0.851 g, 
1.06 mL, 13.1 mmol) was added dropwise to a stirred solution of n-butyllithium 
(33.0 mL of 2.5 M, 82.5 mmol) in 75 mL of ethyl ether.  A white precipitate of 
cyclopentadienyllithium immediately formed.  The white suspension was stirred at 
0 °C for 15 minutes.  To the reaction mixture, 5-chlorothienoyl chloride (1.55 g, 
8.73 mmol) was added.  An orange color formed immediately.  The mixture was 
allowed to warm to room temperature and stir for 1 hour.  The reaction mixture was 
hydrolyzed with 3% acetic acid (50 mL).   The organic layer was collected and the 
aqueous layer was exacted with ethyl ether (3 x 50 mL).  The combined ether 
extracts were combined and dried over MgSO4.  The volatiles were removed in 
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vacuo and trituration with cold pentane gave 11a (872 mg, 56.3%) as an orange 
solid.  Mp:  146–148 °C.  1H NMR (200 MHz, CDCl3, ppm):  δ 6.54 (t, 1H, 3J = 4.0 
Hz, CHCHCH), 7.01 (d, 2H, 3J = 4.0 Hz, CHCHCH), 7.61 (m, 4H, Tp), 18.05 (s, 1H, 
OH).  13C{1H} NMR (50 MHz, CDCl3, ppm):  δ 123.9 (CHCHCH), 127.5 
(CHCHCH), 127.9 (CC), 133.7, 138.5, 139.1, 139.3 (Ar), 175.1 (CO).  (KBr, cm-1):  
3415 (vb, OH), 1711 (CO).  ).  HRMS:  (M+) calcd, 353.9343, obsd. 353.9349.   
Analysis Calc. for C15H8S2O2Cl2:  C, 50.71; H, 2.27.  Found:  C, 50.85; H, 2.34.         
Synthesis of [Tl{1,2-C5H3(CO-5-ClC4H2S)2}] (11b).  In a 125-mL Schlenk 
flask, TlOEt (530 mg, 2.12 mmol) was added via syringe to a stirred solution of 11a 
(754 mg, 2.12 mmol) in 30 mL of THF.  A yellow precipitate formed immediately.  
The suspension was allowed to stir for two h at room temperature and the volatiles 
were removed in vacuo.  The crude product was washed with cold ethyl ether and 
filtered to give 11b (800 mg, 67.5%) as a yellow solid.    Mp:   110–190 °C (dec).  
1H NMR (200 MHz, DMSO-d6 ppm):  δ 5.73 (t, 1H, 3J = 3.4 Hz, CHCHCH), 6.50 
(d, 2H, 3J = 3.4, CHCHCH), 7.04 (d, 2H, 3J = 4.0, Tp), 7.28 (d, 2H, 3J = 4.0, Tp).  
13C{1H} NMR (50 MHz, CDCl3, ppm):  δ  111.2 (CHCHCH), 122.9 (CHCHCH), 
124.1 (CC), 127.3, 129.7, 132.0, 148.4 (Tp), 179.3 (CO).  IR (KBr, cm-1):  1537 
(CO).  MS (EI):  m/z 558 (M+), 354 (M+ - Tl).  Analysis Calc. for C15H7S2O2Cl2Tl:  C, 
32.25; H, 1.26.  Found:  C, 29.74; H, 0.99.   
Synthesis of [Mn(CO)3{η5-1,2-C5H3(CO-5-ClC4H2S)2}] (11c).  In a 125-mL 
Schlenk flask, [MnBr(CO)5] (250 mg, 0.909 mmol) was added to a stirred solution 
of  11b (508 mg, 0.909 mmol) in 40 mL of benzene.  The solution was allowed to 
reflux overnight.  The reaction was cooled and passed through a thin pad of Celite 
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and the volatiles were removed in vacuo to give 11c (351 mg, 78.2%) as a light 
yellow solid.  Mp: 123–124  °C.  1H NMR (200 MHz, C6D6, ppm):  δ 3.64 (t, 1H, 3J 
= 3.0 Hz, CHCHCH), 4.51 (d, 2H, 3J = 3.0 Hz, CHCHCH), 6.21 (d, 2H, 3J = 4.0, 
Ar), 6.89 (d, 2H, 3J = 4.0 Hz, Ar).  13C{1H} NMR (50 MHz, C6D6, ppm):  δ  79.0 
(CHCHCH), 87.5 (CHCHCH), 101.3 (CC), 133.1, 139.4, 140.6, 142.0 (Ar), 180.2 
(COTpCl), 222.7 (CO).  IR (KBr, cm-1):  2027, 1946 (CO).  MS (EI):  m/z 492 (M+).  
Analysis Calc. for C15H7S2O5Cl2Mn:  C, 43.83; H, 1.43.  Found:  C, 43.90; H, 1.40.   
Synthesis of [Mn(CO)3{η5-SC7H3-1,3-(5-ClC4H2S)2}] (11d).  In a 125-mL 
Schlenk flask, 11c (350 mg, 0.711 mmol) was added to a stirred suspension of 
Lawesson’s reagent (300 mg, 0.742 mmol) in 40 mL of Benzene.  The reaction 
was allowed to reflux for 8 h when additional Lawesson’s reagent (300 mg, 0.742 
mmol) was added.  The reaction was allowed to reflux for another 8 h and cooled 
to room temperature.  The reaction mixture was then passed through a thick pad of 
alumina and the volatiles were removed in vacuo.  The crude product was 
triturated with cold pentane to give 11d (267 mg, 76.2%) as a deep purple solid.  
Mp:  100–140 °C (dec).  1H NMR (200 MHz, C6D6, ppm):  δ 4.62 (m, 3H, 
CHCHCH), 6.44 (s, 4H, Tp).  1H NMR (200 MHz, d-acetone, ppm):  δ 5.72 (d, 2H, 
3J = 3.0 Hz, CHCHCH), 5.83 (t, 1H, 3J = 3.0 Hz, CHCHCH), 7.12 (d, 2H, 3J = 6.0 
Hz, Tp), 7.30 (d, 2H, 3J = 6.0 Hz, Tp.  13C{1H} NMR (50 MHz, d-acetone, ppm):  
δ 66.1 (CHCHCH), 99.0 (CHCHCH), 113.2 (CC), 122.2 (TpCS), 124.4, 129.4, 
129.4, 135.7 (Tp), 224.7 (CO).   IR (KBr, cm-1):  2009, 1924 (CO). MS (EI):  m/z 
492 (M+).  Analysis Calc. for C18H7S3O3Cl2Mn:  C, 43.83; H, 1.43.  Found:  C, 
45.06; H, 1.62.    
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Synthesis of [Mn(CO)3{η5-SC7H3-1,3-(5-MeTp)2}] (12d).  In a 125-mL 
Schlenk flask, [Mn(CO)3{η5-1,2-C5H3(CO-5-MeC4H2S)2}] (12c) (300 mg, 0.664 
mmol) was added to a stirred suspension of Lawesson’s reagent (300 mg, 0.742 
mmol) in 40 mL of Benzene.  The reaction was allowed to reflux for 8 h when 
additional Lawesson’s reagent (300 mg, 0.742 mmol) was added.  The reaction 
was allowed to reflux for another 8 h and cooled to room temperature.  The 
reaction mixture was then passed through a thick pad of alumina and the volatiles 
were removed in vacuo.  The crude product was triturated with cold pentane to 
give 12d (208 mg, 69.5%) as a deep purple solid.  Slow recrystallization from ethyl 
ether/acetone at room temperature in air gave deep purple, single crystals of 12d.    
Mp:  100–140 °C (dec).  1H NMR (200 MHz, d-acetone, ppm):  δ 2.53 (3H, d, 4J = 
0.8 Hz, Me), 5.66 (d, 2H, 3J = 3.0 Hz, CHCHCH), 5.76 (t, 1H, 3J = 3.0 Hz, 
CHCHCH), 6.84 (m, 2H, Tp), 7.20 (d, 2H, 3J = 3.8 Hz, Tp).  13C{1H} NMR (50 MHz, 
d-acetone, ppm):  δ 15.4 (Me), 66.0 (CHCHCH), 98.2 (CHCHCH), 112.8 (CC), 
122.4 (TpCS), 124.7, 128.1, 134.9, 141.1 (Tp), 225.0 (CO).   IR (KBr, cm-1):  2004, 
1933, 1900 (CO).  MS (EI):  m/z 452 (M+). Analysis Calc. for C20H13S3O3Mn:  C, 
53.09; H, 2.90.  Found:  C, 53.49; H, 2.91.     
 Synthesis of [Mn(CO)3{η5-SC9H3-1,4-(5-MeTp)2-2,3-(CO2Me)2}] (12f).  In 
a 125 mL Schlenk, [Mn(CO)3{η5-SC7H3-1,3-(5-MeC4H2S)2}] (12d, 55.8 mg, 0.123 
mmol) was added to a solution of dimethylacetylenedicarboxylate (DMAD) (100 
mg, 0.708 mmol) in 30 mL of benzene.  The reaction was allowed to reflux 
overnight and cooled to room temperature.  The reaction mixture was passed 
through an alumina plug and the volatiles were removed in vacuo.  
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Recrystallization in hexanes gave 12f (32.9 mg, 47.4%) as a yellow solid.  
Residual DMAD was removed from the product by trituration with cold pentane. 
Mp: 149–150 °C.  1H NMR (200 MHz, C6D6, ppm):  δ 2.13 (d, 6H, 4J = 0.8 Hz, 
Me), 3.38 (s, 6H, Me), 4.18 (t, 1H, 3J = 3.2 Hz, CHCHCH), 4.99 (d, 2H, 3J = 3.2 Hz, 
CHCHCH), 6.51 (dd, 2H, 3J = 3.8 Hz, 4J = 0.8 Hz Tp), 7.11 (d, 2H, 3J = 3.8 Hz, Tp).  
13C{1H} NMR (50 MHz, C6D6, ppm):  δ  15.3 (Me), 52.5 (Me), 74.8 (CHCHCH), 
89.8 (CHCHCH), 103.7 (CC), 126.4, 127.0, 129.6, 131.1, 131.4, 134.9, 142.7 (Ar), 
168.5 (CO2Me), 224.6 (CO).  IR (KBr, cm-1):  2022, 1942 (CO), 1731 (CO2Me).  
MS (EI):  m/z 561 (M+ - 1), 478 (M+ - (CO)3). Analysis Calc. for C26H19S2O7Mn:  C, 
55.52; H, 3.40.  Found:  C, 54.97; H, 3.36.                  
 Synthesis of [Mn(CO)3{η5-SC7H3-1,3-(tBu)2}] (13d).  In a 125-mL Schlenk 
flask, [Mn(CO)3{η5-1,2-C5H3(COtBu)2}] (13c) (320 mg, 0.860 mmol) was added to a 
stirred suspension of Lawesson’s reagent (500 mg, 1.24 mmol) in 40 mL of 
Benzene.  The reaction was allowed to reflux for 8 h when additional Lawesson’s 
reagent (500 mg, 1.24 mmol) was added.  The reaction was allowed to reflux for 
another 8 h and cooled to room temperature.  The reaction mixture was then 
passed through a thick pad of alumina and the volatiles were removed in vacuo to 
give 13d (232 mg, 72.4%) as an orange-red solid.  Slow recrystallization from 
pentane at room temperature in air gave orange-yellow, single crystals of 13d.    
Mp: 76–78 °C.  1H NMR (200 MHz, C6D6, ppm):  δ 1.32 (s, 18H, tBu), 4.71 (m, 3H, 
CHCHCH).  13C NMR (50 MHz, C6D6, ppm):  δ 32.1, 36.0 (tBu), 64.2 (CHCHCH), 
95.8 (CHCHCH), 115.1 (CC), 137.9 (tBuCS), 225.8 (CO).  IR (KBr thin film, cm-1):  
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2012, 1922 (CO).  MS (EI):  m/z 372 (M+). Analysis Calc. for C18H21SO3Mn:  C, 
58.06; H, 5.68.  Found:  C, 58.36; H, 6.18.            
Synthesis of 1,2-C5H3(CiPrOH)(COiPr) (14a).  To a 250-mL three-necked 
round-bottom flask, freshly cracked cyclopentadiene (9.45 g, 11.8 mL, 145 mmol) 
was added dropwise to a stirred solution of n-butyllithium (58 mL of 2.5 M, 145 
mmol) in 75 mL of ethyl ether.  A white precipitate of cyclopentadienyllithium 
immediately formed.  The white suspension was stirred at 0 °C for 15 minutes.  To 
the reaction mixture, isobutyryl chloride (10.5 g, 10.3 mL, 96.7 mmol) was added.  
A bright yellow color formed immediately.  The mixture was allowed to warm to 
room temperature and stir for 1 hour.  The reaction mixture was hydrolyzed with 
3% acetic acid (50 mL).   The organic layer was collected and the aqueous layer 
was exacted with ethyl ether (3 x 50 mL).  The combined ether extracts were 
combined and dried over MgSO4.  The volatiles were removed in vacuo to give 14a 
(4.82 g, 48.4%), as an amber oil.  1H NMR (200 MHz, CDCl3 ppm):  δ  1.26 (d, 
12H, 3J = 7.0 Hz, iPr), 3.52 (sep, 2H, 3J = 7.0 Hz, CH), 6.39 (t, 1H, 3J = 4.0 Hz, 
CHCHCH), 7.43 (d, 2H, 3J = 4.0 Hz, CHCHCH), 18.76 (s, 1H, OH).  13C NMR (50 
MHz, CDCl3 ppm):  δ  20.8 (iPr), 34.3 (CH), 121.0 (CHCHCH), 122.9 (CC), 135.8 
(CHCHCH), 195.8 (COiPr).  IR (KBr thin film, cm-1):  3535 (OH), 1611 (CO).  
HRMS (EI):  (M+) calcd, 206.1307, obsd 206.1307.  Analysis Calc. for C13H18O2:  
C, 75.69; H, 8.79.  Found:  C, 75.99; H, 10.10.               
Synthesis of [Tl{1,2-C5H3(COiPr)2}] (14b).  In a 125-mL Schlenk flask, 
TlOEt (1.23 g, 4.93 mmol) was added via syringe to a stirred solution of 14a (1.02 
g, 4.93 mmol) in 30 mL of THF.  A yellow precipitate formed immediately.  The 
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suspension was allowed to stir for two h at room temperature.  The precipitate was 
filtered and the crude product was washed with cold ethyl ether to give 11b (955 
mg, 47.3%) as a light yellow solid.  Mp:  120–160 °C (dec).  1H NMR (200 MHz, 
DMSO-d6 ppm):  δ  0.97 (d, 12H, 3J = 7.0 Hz, iPr), 3.41 (sep, 2H, 3J = 7.0 Hz, CH), 
5.57 (t, 1H, 3J = 2.6 Hz, CHCHCH), 6.36 (d, 2H, 3J = 2.6 Hz, CHCHCH).  13C NMR 
(50 MHz, DMSO-d6 ppm):  δ  20.7 (iPr), 35.8 (CH), 109.3 (CHCHCH), 120.1 
(CHCHCH), 124.6 (CC), 200.0 (COiPr).  IR (KBr, cm-1):  1616 (CO).  MS (EI):  m/z 
410 (M+). Analysis Calc. for C13H17O2Tl:  C, 38.12; H, 4.18.  Found:  C, 37.69; H, 
4.04.               
     Synthesis of [Mn(CO)3{η5-1,2-C5H3(COiPr)2}] (14c).  In a 125-mL Schlenk 
flask, [MnBr(CO)5] (250 mg, 0.909 mmol) was added to a stirred solution of 11b 
(372 mg, 0.909 mmol) in 40 mL of benzene.  The solution was allowed to reflux 
overnight.  The reaction was cooled and passed through a thin pad of Celite and 
the volatiles were removed in vacuo.  The crude product was triturated with cold 
pentane to give 14c (234 mg, 74.8%) as a light yellow solid.  Mp:  55–57 °C.  1H 
NMR (200 MHz, C6D6, ppm):  δ 1.01 (d, 6H, 3J = 6.8 Hz, iPr), 1.04 (d, 6H, 3J = 6.8 
Hz, iPr), 2.64 (sep, 2H, 3J = 6.8 Hz, CH), 3.58 (t, 1H, 3J = 3.0 Hz, CHCHCH), 4.35 
(d, 2H, 3J = 3.0 Hz, CHCHCH).  13C NMR (50 MHz, C6D6, ppm):  δ 19.4, 19.4 (Me), 
39.5 (CH), 78.9 (CHCHCH), 87.8 (CHCHCH), 100.3 (CC), 202.5 (iPrCO), 223.1 
(CO).  IR (KBr, cm-1):  2037, 1948, 1938 (CO).  MS (EI):  m/z 344 (M+). Analysis 
Calc. for C16H17S3O5Mn:  C, 55.83; H, 4.98.  Found:  C, 55.83; H, 5.01.          
Attempted Synthesis of [Mn(CO)3{η5-SC7H3-1,3-(iPr)2}] (14d).  In a 125-
mL Schlenk flask, [Mn(CO)3{η5-1,2-C5H3(COiPr)2}] (13c) (220 mg, 0.640 mmol) 
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was added to a stirred suspension of Lawesson’s reagent (300 mg, 0.742 mmol) in 
40 mL of Benzene.  The reaction was allowed to reflux for 8 h when additional 
Lawesson’s reagent (300 mg, 0.742 mmol) was added.  The reaction was allowed 
to reflux for another 8 h and cooled to room temperature.  Analysis of the crude 
reaction mixture by 1H NMR showed no indication of the desired complex 14d.      
Synthesis of 5-bromothiophene-2-carbonyl chloride (15).  The following 
is a slightly modified procedure of Petasis and Teets.94  In a 50-mL Schlenk flask, 
5-bromothiophene-2-carboxylic acid (3.24 g, 15.6 mmol) was added to a stirred 
solution of SOCl2 (8.15 g, 5 mL, 68.5 mmol) in 15 mL of toluene.  The solution was 
allowed to reflux for 3 h.  The volatiles were removed in vacuo to give 15 (3.04 g, 
86.1%) as an amber solid. 1H NMR (200 MHz, CDCl3, ppm):  δ 7.16 (d, 1H, 3J = 
4.0 Hz, Tp), 7.72 (d, 1H, 3J = 4.0 Hz, Tp).       
Synthesis of 1,2-C5H3(COH-5-BrC4H2S)(CO-5-BrC4H2S) (15a).  To a 250-
mL three-necked round-bottom flask, freshly cracked cyclopentadiene (0.649 g, 
0.808 mL, 9.94 mmol) was added dropwise to a stirred solution of n-butyllithium 
(4.00 mL of 2.5 M, 9.94 mmol) in 75 mL of ethyl ether.  A white precipitate of 
cyclopentadienyllithium immediately formed.  The white suspension was stirred at 
0 °C for 15 minutes.  To the reaction mixture, 5-bromothienoyl chloride (1.49 g, 
6.63 mmol) was added.  A bright yellow color formed immediately.  The mixture 
was allowed to warm to room temperature and stir for 1 hour.  The reaction mixture 
was hydrolyzed with 3% acetic acid (50 mL).   The organic layer was collected and 
the aqueous layer was exacted with ethyl ether (3 x 50 mL).  The combined ether 
extracts were combined and dried over MgSO4.  The volatiles were removed in 
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vacuo to give 15a (1.15 g, 78.2%), as an orange solid.  An analytically pure sample 
of 15a was obtained by trituration with cold pentane.  Mp:  144–145 °C.  1H NMR 
(200 MHz, CDCl3 ppm):  δ 6.54 (t, 1H, 3J = 4.0 Hz, CHCHCH), 7.15 (d, 2H, 3J = 
4.0 Hz, CHCHCH), 7.57 (d, 2H, 3J = 4.0 Hz, Tp), 7.61 (d, 2H, 3J = 4.0 Hz, Tp) 
18.06 (s, 1H, OH).  13C NMR (50 MHz, CDCl3 ppm):  δ  121.5 (CHCHCH), 123.9 
(CC), 131.2 (CHCHCH), 134.3, 139.2, 142.2 (Tp), 175.1 (COTpBr).  IR (KBr thin 
film, cm-1):  3461 (OH), 1632 (CO).  HRMS (EI):  (M+) calcd, 441.8327 (79Br), 
obsd, 441.8310 (79Br).  Analysis Calc. for C15H8S2O2Br2:  C, 40.56; H, 1.82.  
Found:  C, 41.45; H, 1.86.   
Synthesis of [Tl{1,2-C5H3(CO-5-BrC4H2S)2}] (15b).  In a 125-mL Schlenk 
flask, TlOEt (0.480 g, 1.91 mmol) was added via syringe to a stirred solution of 15a 
(850 mg, 1.91 mmol) in 30 mL of THF.  A yellow precipitate formed immediately.  
The suspension was allowed to stir for two h at room temperature.  The precipitate 
was filtered and the crude product was washed with cold ethyl ether to give 15b 
(926 mg, 74.2%) as a yellow solid.  Mp:  160–200 °C (dec).  1H NMR (200 MHz, 
DMSO-d6 ppm):  δ  5.72 (t, 1H, 3J = 3.6 Hz, CHCHCH), 6.45 (d, 2H, 3J = 3.6 Hz, 
CHCHCH), 7.14 (d, 2H, 3J = 4.0 Hz, Tp), 7.24 (d, 2H, 3J = 4.0 Hz, Tp).  13C NMR 
(50 MHz, DMSO-d6 ppm):  δ  96.5 (CHCHCH), 111.1 (CHCHCH), 115.6 (CC), 
122.7, 124.1, 130.7, 151.0 (Tp), 179.0 (COTpBr).  IR (KBr, cm-1):  1539 (CO).  MS 
(EI):  m/z 648 (M+), 444 (M+ - Tl). Analysis Calc. for C15H7S2O2Br2Tl:  C, 27.82; H, 
1.09.  Found:  C, 27.67; H, 0.74.      
Synthesis of [Mn(CO)3{η5-1,2-C5H3(CO-5-BrC4H2S)2}] (15c).  In a 125-mL 
Schlenk flask, [MnBr(CO)5] (250 mg, 0.909 mmol) was added to a stirred solution 
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of 15b (645 mg, 0.909 mmol) in 40 mL of benzene.  The solution was allowed to 
reflux overnight.  The reaction was cooled and passed through a thin pad of Celite 
and the volatiles were removed in vacuo.  The crude product was triturated with 
cold pentane to give 15c (492 mg, 93.0%) as an orange solid.  Mp:  134–135 °C.  
1H NMR (200 MHz, C6D6, ppm):  δ 3.66 (t, 1H, 3J = 2.2 Hz, CHCHCH), 4.53 (d, 
2H, 3J = 2.2 Hz, CHCHCH), 6.38 (d, 2H, 3J = 4.0 Hz, Tp), 6.85 (d, 2H, 3J = 4.0 Hz, 
Tp).  13C NMR (50 MHz, C6D6, ppm):  δ 78.9 (CHCHCH), 87.5 (CHCHCH), 101.3 
(CC), 123.8, 131.7, 133.7, 144.8 (Tp), 180.0 (COTpBr), 222.7 (CO).  IR (KBr, cm-
1):  2027, 1958, 1940 (CO).  MS (EI):  m/z 582 (M+). Analysis Calc. for 
C18H7S2O5Br2Mn:  C, 37.14; H, 1.21.  Found:  C, 37.03; H, 1.01.            
Synthesis of [Mn(CO)3{η5-SC7H3-1,3-(5-BrC4H2S)2}] (15d).  In a 125-mL 
Schlenk flask, [Mn(CO)3{η5-1,2-C5H3(CO-5-BrC4H2S)2}] (15c) (183 mg, 0.314 
mmol) was added to a stirred suspension of Lawesson’s reagent (300 mg, 0.742 
mmol) in 40 mL of Benzene.  The reaction was allowed to reflux for 8 h when 
additional Lawesson’s reagent (300 mg, 0.742 mmol) was added.  The reaction 
was allowed to reflux for another 8 h and cooled to room temperature.  The 
reaction mixture was then passed through a thick pad of alumina and the volatiles 
were removed in vacuo.  The crude product was triturated with cold pentane to 
give 15d (90.8 mg, 49.5%) as a deep purple solid.  An analytically pure sample 
was obtained by chromatographing 15d with a 30/70 mixture of toluene/pentane on 
a thick pad of silica.  Mp:  70–72 °C.  1H NMR (200 MHz, d-acetone, ppm):  δ 5.70 
(d, 2H, 3J = 5.8 Hz, CHCHCH), 5.79 (t, 1H, 3J = 5.8 Hz, CHCHCH), 7.22 (m, 2H, 
Tp), 7.38 (m, 2H, Tp).  13C{1H} NMR (50 MHz, d-acetone, ppm):  δ 66.8 
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(CHCHCH), 99.0 (CHCHCH), 112.7 (CC), 125.7, 130.2, 133.4, 138.8 (Tp), 225.2 
(CO).   IR (KBr, cm-1):  2016, 1927 (CO).  MS (EI):  m/z 582 (M+). Analysis Calc. 
for C18H7S3O3Br2Mn:  C, 37.14; H, 1.21.  Found:  C, 37.14; H, 1.67.     
Synthesis of [Mn(CO)3{η5-SC7H3-1,3-(5-PhC4H2S)2}] (15e).  The following 
is a modified procedure from Fu and coworkers.95  Method A:  To a Teflon 
stopper- sealed Schlenk flask, KF (38.9 mg, 0.671 mmol), Pd2(DBA)3 (18.6 mg, 
0.0203 mmol), and tri(t-butyl)phosphine (8.21 mg, 0.0406 mmol) was added to a 
solution of 11d (100 mg, 0.203 mmol), phenylboronic acid (54.4 mg, 0.446 mmol), 
and 5 mL of THF.  The reaction was allowed to reflux overnight and then cooled to 
room temperature.  The reaction mixture was filtered and the volatiles were 
removed in vacuo.  Analysis of the reaction mixture by TLC and MS indicated the 
presence of both starting material the desired product 15e.  Method B:  To a 
Teflon stopper-sealed Schlenk flask, KF (20.8 mg, 0.358 mmol), Pd2(DBA)3 (9,94 
mg, 0.0108 mmol), and tri(t-butyl)phosphine (4.39 mg, 0.0216 mmol) was added to 
a solution of 15d (63.2 mg, 0.108 mmol), phenylboronic acid (29.0 mg, 0.228 
mmol), and 10 mL of THF.  The reaction was allowed to reflux overnight and then 
cooled to room temperature.  The reaction mixture was filtered and the volatiles 
were removed in vacuo.  The product was isolated by chromatography using a 
thick pad of silica and eluted with 30:70 toluene/pentane.  The volatiles were 
removed in vacuo and trituration with cold pentane afforded 15e (41.1 mg, 65.7%) 
as a blue-purple solid.  Mp:  100–120 °C (dec).  1H NMR (200 MHz, d-acetone, 
ppm):  δ 5.72 (t, 1H, 3J = 5.8 Hz, CHCHCH), 5.83 (d, 2H, 3J = 5.8 Hz, CHCHCH), 
7.22–8.28 (m, 14H, Ar).  IR (KBr, cm-1):  2015, 1934 (CO).  MS (EI):  m/z 576 
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(M+). Analysis Calc. for C18H7S3O3Br2Mn:  C, 62.50; H, 2.97.  Found:  C, 58.62; H, 
3.42.       
Synthesis of 1,2-C5H3(COHCH2Ph)(COCH2Ph) (16a).  To a 250-mL three-
necked round-bottom flask, freshly cracked cyclopentadiene (5.04 g, 6.28 mL, 77.5 
mmol) was added dropwise to a stirred solution of n-butyllithium (33 mL, 2.5 M in 
hexanes, 82.5 mmol) in 75 mL of ethyl ether.  A white precipitate of 
cyclopentadienyllithium immediately formed.  The white suspension was stirred at 
0 °C for 15 minutes.  To the reaction mixture, a solution of phenylacetyl chloride 
(7.98 g, 51.7 mmol) in 20 mL of ether was added.  A bright yellow color formed 
immediately.  The mixture was allowed to warm to room temperature and stir for 1 
hour.  The reaction mixture was hydrolyzed with 3% acetic acid (50 mL).   The 
organic layer was collected and the aqueous layer was exacted with ethyl ether (3 
x 50 mL).  The combined ether extracts were combined and dried over MgSO4.  
The volatiles were removed in vacuo to give 16a (5.24 g, 67.1%), as an amber oil.  
Further purification was not attempted.  1H NMR (200 MHz, CDCl3 ppm):  δ 4.14 
(s, 4H, CH2), 6.48 (t, 1H, 3J = 4.0 Hz, CHCHCH), 7.19–7.34 (m, 10H, Ph), 7.53 (d, 
2H, 3J = 4.0 Hz, CHCHCH), 18.15 (s, 1H, OH).  13C NMR (50 MHz, CDCl3 ppm):  
δ  42.9 (CH2), 122.4 (CHCHCH), 124.5 (CC), 127.2 (CHCHCH), 128.9, 129.4, 
136.0, 138.0 (Ph), 188.3 (COCH2Ph).  IR (KBr thin film, cm-1):  3370 (OH), 1558 
(CO).  HRMS (EI):  (M+) calcd, 302.1307, obsd, 302.1308.  Analysis Calc. for 
C21H18O2:  C, 83.42; H, 6.00.  Found:  C, 79.76; H, 6.34.   
Synthesis of [Tl{1,2-C5H3(COCH2Ph)2}] (16b).  In a 125-mL Schlenk flask, 
TlOEt (1.65 g, 6.62 mmol) was added via syringe to a stirred solution of 16a (2.00 
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g, 6.62 mmol) in 30 mL of THF.  A yellow precipitate formed immediately.  The 
suspension was allowed to stir for two h at room temperature.  The volatiles were 
removed in vacuo and the crude product was washed with cold ethyl ether and 
filtered to give 16b (2.09 g, 62.6%) as a brown solid.  Mp:  110–120 °C.  1H NMR 
(200 MHz, DMSO-d6 ppm):  δ  4.03 (s, 4H, CH2), 5.62 (t, 1H, 3J = 3.6 Hz, 
CHCHCH), 6.54 (d, 2H, 3J = 3.6 Hz, CHCHCH), 7.09–7.25 (m, 10H, Ph).  13C NMR 
(50 MHz, DMSO-d6 ppm):  δ  46.9 (CH2), 110.3 (CHCHCH), 122.7 (CHCHCH), 
125.0 (CC), 125.4, 127.7, 129.4, 139.1 (Ph), 192.1 (COCH2Ph).  IR (KBr, cm-1):  
1567 (CO).  MS (EI):  m/z 508 (M+), 302 (M+ - Tl). Analysis Calc. for C21H17O2Tl:  C, 
49.87; H, 3.39.  Found:  C, 41.05; H, 2.49.      
Synthesis of [Mn(CO)3{η5-1,2-C5H3(COCH2)2Ph}] (16c).  In a 125-mL 
Schlenk flask, [MnBr(CO)5] (250 mg, 0.909 mmol) was added to a stirred solution 
of 16b (462 mg, 0.909 mmol) in 40 mL of benzene.  The solution was allowed to 
reflux overnight.  The reaction was cooled and passed through a thin pad of Celite 
and the volatiles were removed in vacuo.  The crude product was triturated with 
cold pentane to give 16c (229 mg, 57.6%) as a brown solid.  An analytically pure 
sample was obtained by chromatographing 16c with ethyl ether on a thick pad of 
alumina.  Mp:  100–102 °C.  1H NMR (200 MHz, C6D6, ppm):  δ 3.44 (t, 1H, 3J = 
2.6 Hz, CHCHCH), 3.67 (s, 4H, CH2), 4.32 (d, 2H, 3J = 2.6 Hz, CHCHCH), 7.05–
7.09 (m, 10H, Ph).  13C NMR (50 MHz, C6D6, ppm):  δ 48.8 (CH2), 79.2 
(CHCHCH), 88.5 (CHCHCH), 99.7 (CC), 127.7, 129.3, 130.2, 134.6 (Ph), 195.9 
(COCH2Ph), 222.8 (CO).  IR (KBr, cm-1):  2032, 1966, 1946 (CO).  MS (EI):  m/z 
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441 (M+ + 1). Analysis Calc. for C18H17O5Mn:  C, 65.51; H, 3.89.  Found:  C, 65.64; 
H, 3.88.   
Synthesis of [Mn(CO)3{η5-SC7H3-1,3-(CH)2Ph}] (16d).  Method A:  In a 
125-mL Schlenk flask, 16c (230 mg, 0.523 mmol) was added to a stirred 
suspension of Lawesson’s reagent (300 mg, 0.742 mmol) in 40 mL of benzene.  
The reaction was allowed to reflux for 8 h when additional Lawesson’s reagent 
(300 mg, 0.742 mmol) was added.  The reaction was allowed to reflux for another 
8 h and cooled to room temperature.  The reaction mixture was then passed 
through a thick pad of alumina and the volatiles were removed in vacuo.  The 
crude product was recrystallized from hot hexanes to afford an orange-yellow solid 
(91.3 mg, 39.9%).  Analysis of the product via 1H and 13C NMR indicated a mixture 
of both the desired product 16d and [Mn(CO)3{η5-SC7H3-1,3-(PhCH2)(PhCH}] 
present.  Method B:   In a 125-mL Schlenk flask, 16c (150 mg, 0.341 mmol) was 
added to a stirred suspension of P4S10 (758 mg, 1.71 mmol) and NaHCO3 (146 
mg, 1.74 mmol) in 40 mL of CS2.  The reaction mixture was allowed to reflux for 8 
h and and additional P4S10 (758 mg, 1.71 mmol) and NaHCO3 (146 mg, 1.74 
mmol) was added.  The reaction was allowed to reflux for 8 additional h and then 
cooled to room temperature.  The reaction mixture was then passed through a 
thick pad of alumina and the volatiles were removed in vacuo to give 16d (119.4 
mg, 79.6%) as an orange-yellow solid.  An analytically pure sample was obtained 
by chromatographing 16d with ethyl ether on a thick pad of alumina.  Slow 
recrystallization from hexanes at room temperature in air gave yellow, single 
crystals of 16d.  Mp:  191–192 °C (dec).  1H NMR (200 MHz, C6D6, ppm):  δ 4.19 
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(s, 3H, CHCHCH), 6.64 (s, 2H, CH), 6.93–7.50 (m, 10H, Ar).  1H NMR (200 MHz, 
d-acetone, ppm):  δ 5.36 (t, 1H, 3J = 3.0 Hz, CHCHCH), 5.53 (d, 2H, 3J = 3.0 Hz, 
CHCHCH), 7.23 (s, 2H, CH), 7.28–7.76 (m, 10H, Ar).  13C{1H} NMR (50 MHz, d-
acetone, ppm):  δ 72.4 (CHCHCH), 90.2 (CHCHCH), 109.6 (CC), 120.9 (ArCS), 
129.4, 129.7, 130.7, 136.8 (Ar), 225.4 (CO).  IR (KBr, cm-1):  2015, 1938 (CO). MS 
(EI):  m/z 438 (M+).  Analysis Calc. for C18H15SO3Mn:  C, 65.76; H, 3.45.  Found:  
C, 65.63; H, 3.59.             
Synthesis of diphenylacetyl chloride (17).  The following is a slightly 
modified procedure of Petasis and Teets.94  In a 50-mL Schlenk flask, 
diphenylacetic acid (5.00 g, 23.6 mmol) was added to a stirred solution of SOCl2 
(8.15 g, 5 mL, 68.5 mmol) in 15 mL of toluene.  The solution was allowed to reflux 
for 3 h.  The volatiles were removed in vacuo to give 15 (4.95 g, 91.1%) as a light 
yellow oil. 
Synthesis of 1,2-C5H3(COHCHPh2)(COCHPh2) (17a).  To a 250-mL three-
necked round-bottom flask, freshly cracked cyclopentadiene (2.09 g, 2.60 mL, 32.2 
mmol) was added dropwise to a stirred solution of n-butyllithium (12.9 mL, 2.5 M in 
hexanes, 32.2 mmol) in 75 mL of ethyl ether.  A white precipitate of 
cyclopentadienyllithium immediately formed.  The white suspension was stirred at 
0 °C for 15 minutes.  To the reaction mixture, a solution of diphenylacetyl chloride 
(4.95 g, 21.5 mmol) in 20 mL of ether was added.  A bright yellow color formed 
immediately.  The mixture was allowed to warm to room temperature and stir for 1 
hour.  The reaction mixture was hydrolyzed with 3% acetic acid (50 mL).   The 
organic layer was collected and the aqueous layer was exacted with ethyl ether (3 
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x 50 mL).  The combined ether extracts were combined and dried over MgSO4.  
The volatiles were removed in vacuo to give an amber semi-solid.  The crude 
material was triturated with cold ethyl alcohol and filtered to give 17a (2.87 g, 
59.0%), as an orange solid.  Mp:  154–156 °C.  1H NMR (200 MHz, CDCl3 ppm):  
δ 5.87 (s, 2H, CH), 6.35 (t, 1H, 3J = 4.0 Hz, CHCHCH), 7.11–7.25 (m, 20H, Ph), 
7.53 (d, 2H, 3J = 4.0 Hz, CHCHCH), 18.59 (s, 1H, OH).  13C NMR (50 MHz, CDCl3 
ppm):  δ  56.8 (CH2), 122.6 (CHCHCH), 125.2 (CC), 127.4 (CHCHCH), 128.8, 
129.3, 138.1, 139.9 (Ph), 188.9 (COCHPh2).  IR (KBr thin film, cm-1):  3440 (OH), 
1602 (CO). MS (EI):  m/z 454 (M+).  Analysis Calc. for C33H26O2:  C, 87.20; H, 
5.76.  Found:  C, 86.49; H, 5.85.   
Synthesis of [Tl{1,2-C5H3(COCHPh2)2}] (17b).  In a 125-mL Schlenk flask, 
TlOEt (1.09 g, 4.41mmol) was added via syringe to a stirred solution of 17a (2.00 
g, 4.41 mmol) in 30 mL of THF.  A white precipitate formed immediately.  The 
suspension was allowed to stir for two h at room temperature.  The volatiles were 
removed in vacuo and the crude product was washed with cold ethyl ether and 
filtered to give 17b (2.39 g, 82.5%) as a white solid.  Mp:  160–200 °C (dec).  1H 
NMR (200 MHz, DMSO-d6 ppm):  δ  5.56 (t, 1H, 3J = 3.8 Hz, CHCHCH), 6.22 (s, 
2H, CH), 6.59 (d, 2H, 3J = 3.8 Hz, CHCHCH), 7.09–7.33 (m, 20H, Ph).  13C NMR 
(50 MHz, DMSO-d6 ppm):  δ  58.4 (CH2), 110.4 (CHCHCH), 123.2 (CHCHCH), 
125.6 (Ph), 126.0 (CC), 127.7, 129.1, 142.9 (Ph), 192.5 (COCHPh2).  IR (KBr, cm-
1):  1633 (CO).  MS (EI):  m/z 453 (M+ - Tl). Analysis Calc. for C33H26O2Tl:  C, 
60.24; H, 3.83.  Found:  C, 59.89; H, 3.57.      
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Synthesis of [Mn(CO)3{η5-1,2-C5H3(COCHPh2)2}] (17c).  In a 125-mL 
Schlenk flask, [MnBr(CO)5] (150 mg, 0.546 mmol) was added to a stirred solution 
of 17b (323 mg, 0.546 mmol) in 40 mL of benzene.  The solution was allowed to 
reflux overnight.  The reaction was cooled and passed through a thin pad of Celite 
and the volatiles were removed in vacuo.  The crude product was triturated with 
cold pentane to give 17c (242 mg, 78.7%) as a yellow solid.  Mp:  175–176 °C.  1H 
NMR (200 MHz, C6D6, ppm):  δ 3.28 (t, 1H, 3J = 3.0 Hz, CHCHCH), 4.38 (d, 2H, 3J 
= 3.0 Hz, CHCHCH), 5.49 (s, 2H, CH), 7.00–7.33 (m, 10H, Ph).  13C NMR (50 
MHz, C6D6, ppm):  δ 63.0 (CH), 78.7 (CHCHCH), 89.5 (CHCHCH), 100.4 (CC), 
128.6, 129.3, 129.4, 130.0, 130.1, 138.6, 139.0 (Ph), 196.8 (COCHPh2), 222.7 
(CO).  IR (KBr, cm-1):  2032, 1967, 1948 (CO).  MS (EI):  m/z 592 (M+). Analysis 
Calc. for C36H26O5Mn:  C, 72.98; H, 4.25.  Found:  C, 72.54; H, 4.04.            
Attempted Synthesis of [Mn(CO)3{η5-SC7H3-1,3-(CHPh2)2}] (17d).  
Method A:  In a 125-mL Schlenk flask, 17c (200 mg, 0.338 mmol) was added to a 
stirred suspension of Lawesson’s reagent (300 mg, 0.742 mmol) in 40 mL of 
benzene.  The reaction was allowed to reflux for 8 h when additional Lawesson’s 
reagent (300 mg, 0.742 mmol) was added.  The reaction was allowed to reflux for 
another 8 h and cooled to room temperature.  Analysis of the crude reaction 
mixture by 1H NMR indicated the presence of starting material not the desired 
product 17d.  Method B:   In a 125-mL Schlenk flask, 17c (150 mg, 0.253 mmol) 
was added to a stirred suspension of P4S10 (563 mg, 1.27 mmol) and NaHCO3 
(108 mg, 1.29 mmol) in 40 mL of CS2.  The reaction mixture was allowed to reflux 
for 8 h and and additional P4S10 (563 mg, 1.27 mmol) and NaHCO3 (108 mg, 1.29 
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mmol) was added.  The reaction was allowed to reflux for 8 additional h and then 
cooled to room temperature.  Analysis of the crude reaction mixture by 1H NMR 
indicated the presence of starting material and decomposition product not the 
desired product 17d.  Method C:  This procedure was identical to Method B only 
with 1,2-dichloroethane used as the solvent instead of CS2.  Analysis of the crude 
reaction mixture by 1H NMR indicated the presence of starting material and 
decomposition product not the desired product 17d.    
Synthesis of 1,2-C5H3(COHCH2Tp)(COCH2Tp) (18a).  To a 250-mL three-
necked round-bottom flask, freshly cracked cyclopentadiene (2.50 g, 3.14 mL, 38.5 
mmol) was added dropwise to a stirred solution of n-butyllithium (16 mL, 2.5 M in 
hexanes, 40.0 mmol) in 75 mL of ethyl ether.  A white precipitate of 
cyclopentadienyllithium immediately formed.  The white suspension was stirred at 
0 °C for 15 minutes.  To the reaction mixture, a solution of 2-thiopheneacetyl 
chloride (4.12 g, 3.16 mL, 25.6 mmol) in 20 mL of ether was added.  A bright 
orange color formed immediately.  The mixture was allowed to warm to room 
temperature and stir for 1 hour.  The reaction mixture was hydrolyzed with 3% 
acetic acid (50 mL).   The organic layer was collected and the aqueous layer was 
exacted with ethyl ether (3 x 50 mL).  The combined ether extracts were combined 
and dried over MgSO4.  The volatiles were removed in vacuo to give amber semi-
solid.  Trituration of the crude product with cold ethyl alcohol afforded 18a (3.19 g, 
79.2%), as an orange solid.  Mp:  78–79 °C.  1H NMR (200 MHz, CDCl3 ppm):  
δ 4.33 (s, 4H, CH2), 6.50 (t, 1H, 3J = 4.0 Hz, CHCHCH), 6.90–6.95 (m, 4H, Tp), 
7.16–7.19 (m, 4H, Tp), 7.53 (d, 2H, 3J = 4.0 Hz, CHCHCH), 18.07 (s, 1H, OH).  13C 
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NMR (50 MHz, CDCl3 ppm):  δ  36.9 (CH2), 122.8 (CHCHCH), 124.0 (CC), 125.2 
(CHCHCH), 127.0, 127.2, 137.2, 138.2 (Ph), 186.7 (COCH2Tp).  IR (KBr thin film, 
cm-1):  3417 (OH), 1605 (CO).  HRMS:  (M+) calcd, 314.0435, obsd. 314.0439.   
Analysis Calc. for C17H14S2O2:  C, 64.94; H, 4.49.  Found:  C, 64.20; H, 4.40.   
Synthesis of [Tl{1,2-C5H3(COCH2Tp)2}] (18b).  In a 125-mL Schlenk flask, 
TlOEt (1.59 g, 6.37 mmol) was added via syringe to a stirred solution of 18a (2.00 
g, 6.37 mmol) in 30 mL of THF.  A yellow precipitate formed immediately.  The 
suspension was allowed to stir for two h at room temperature.  The product was 
filtered and was washed with cold ethyl ether to give 18b (2.69 g, 81.6%) as a 
yellow-brown solid.  Mp:  140–150 °C.  1H NMR (200 MHz, DMSO-d6 ppm):  
δ  4.26 (s, 4H, CH2), 5.79 (t, 1H, 3J = 3.0 Hz, CHCHCH), 5.97 (d, 2H, 3J = 3.0 Hz, 
CHCHCH), 6.79–6.93 (m, 4H, Tp), 7.13–7.30 (m, 2H, Tp).  13C NMR (50 MHz, 
DMSO-d6 ppm):  δ  67.0 (CH2), 113.9 (CHCHCH), 117.2 (CHCHCH), 121.0 (CC), 
123.9, 125.5, 126.3, 141.0 (Ph), 184.8 (COCH2Tp).  IR (KBr, cm-1):  1614 (CO).  
MS (EI):  m/z 314 (M+ - Tl). Analysis Calc. for C17H13S2O2Tl:  C, 39.43; H, 2.53.  
Found:  C, 38.58; H, 2.31.      
Synthesis of [Mn(CO)3{η5-1,2-C5H3(COCH2Tp)2}] (18c).  In a 125-mL 
Schlenk flask, [MnBr(CO)5] (250 mg, 0.909 mmol) was added to a stirred solution 
of 18b (470 mg, 0.909 mmol) in 40 mL of benzene.  The solution was allowed to 
reflux overnight.  The reaction was cooled and passed through a thin pad of Celite 
and the volatiles were removed in vacuo.  The crude product was triturated with 
cold pentane to give 18c (383 mg, 93.2%) as an orange solid.  An analytically pure 
sample was obtained by recrystallization from hot hexanes.  Mp:  80–81 °C.  1H 
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NMR (200 MHz, C6D6, ppm):  δ 3.47 (t, 1H, 3J = 2.2 Hz, CHCHCH), 3.76 (d, 2H, 2J 
= 16.4 Hz, CH2), 3.89 (d, 2H, 2J = 16.4 Hz, CH2), 4.34 (d, 2H, 3J = 2.2 Hz, 
CHCHCH), 6.67–6.80 (m, 6H, Tp).  13C NMR (50 MHz, C6D6, ppm):  δ 42.3 (CH2), 
79.6 (CHCHCH), 88.8 (CHCHCH), 103.9 (CC), 125.8, 126.9, 127.5, 135.5 (Tp), 
194.7 (COCH2Tp), 222.5 (CO).  IR (KBr, cm-1):  2030, 1949 (CO).  MS (EI):  m/z 
452 (M+). Analysis Calc. for C20H13S2O5Mn:  C, 53.10; H, 2.90.  Found:  C, 53.25; 
H, 2.56. 
Synthesis of [Mn(CO)3{η5-SC7H3-1,3-(CHTp)2}] (18d).  In a 125-mL 
Schlenk flask, 18c (180 mg, 0.398 mmol) was added to a stirred suspension of 
P4S10 (885 mg, 1.99 mmol) and NaHCO3 (170 mg, 2.03 mmol) in 40 mL of CS2.  
The reaction mixture was allowed to reflux for 8 h and and additional P4S10 (885 
mg, 1.99 mmol) and NaHCO3 (170 mg, 2.03 mmol) was added.  The reaction was 
allowed to reflux for 8 additional h and then cooled to room temperature.  The 
reaction mixture was then passed through a thick pad of alumina and the volatiles 
were removed in vacuo to give 18d (52.1 mg, 29.1%) as an orange-yellow solid.  
An analytically pure sample was obtained by chromatographing 18d with ethyl 
ether on a thick pad of alumina.  Mp:  60–100 °C (dec).  1H NMR (200 MHz, d-
acetone, ppm):  δ 5.33 (t, 1H, 3J = 3.0 Hz, CHCHCH), 5.51 (d, 2H, 3J = 3.0 Hz, 
CHCHCH), 7.18 (dd, 2H, 3J = 4.8 Hz, 3’J = 3.2 Hz, Tp), 7.30 (d, 2H, 3J = 3.2 Hz, 
Tp), 7.49 (s, 2H, CH), 7.65 (d, 2H, 3J = 4.8 Hz, Tp).  13C{1H} NMR (50 MHz, d-
acetone, ppm):  δ 66.7 (CHCHCH), 90.6 (CHCHCH), 110.3 (CC), 114.9 (ArCS), 
128.9, 129.4, 129.8, 141.4 (Ar), 226.1 (CO).  IR (KBr, cm-1):  2018, 1936, 1921 
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(CO). MS (EI):  m/z 450 (M+).  Analysis Calc. for C20H11S3O3Mn:  C, 53.33; H, 2.46.  
Found:  C, 52.73; H, 2.41.             
 
Synthesis of 1,2-C5H3(COHCH2-4-ClC6H4)(COCH2-4-ClC6H4) (19a).  To a 
250-mL three-necked round-bottom flask, freshly cracked cyclopentadiene (1.53 g, 
1.91 mL, 23.5 mmol) was added dropwise to a stirred solution of n-butyllithium 
(9.43 mL, 2.5 M in hexanes, 23.5 mmol) in 75 mL of ethyl ether.  A white 
precipitate of cyclopentadienyllithium immediately formed.  The white suspension 
was stirred at 0 °C for 15 minutes.  To the reaction mixture, a solution of 4-
chlorophenylacetyl chloride (2.97 g, 15.7 mmol) in 20 mL of ether was added.  A 
bright yellow color formed immediately.  The mixture was allowed to warm to room 
temperature and stir for 1 hour.  The reaction mixture was hydrolyzed with 3% 
acetic acid (50 mL).   The organic layer was collected and the aqueous layer was 
exacted with ethyl ether (3 x 50 mL).  The combined ether extracts were combined 
and dried over MgSO4.  The volatiles were removed in vacuo to give a yellow 
semi-solid.  Trituration with cold pentane gave 19a (2.33 g, 81.1%), as yellow solid.  
Mp:  91–93 °C.  1H NMR (200 MHz, CDCl3 ppm):  δ 4.09 (s, 4H, CH2), 6.49 (t, 1H, 
3J = 4.0 Hz, CHCHCH), 7.18–7.29 (m, 8H, Ph), 7.51 (d, 2H, 3J = 4.0 Hz, 
CHCHCH), 18.05 (s, 1H, OH).  13C NMR (50 MHz, CDCl3 ppm):  δ  42.0 (CH2), 
122.7 (CHCHCH), 124.4 (CC), 129.1, 130.8 (Ph), 131.0 (CHCHCH), 133.3, 138.2 
(Ph), 187.7 (COCH2Ph).  IR (KBr thin film, cm-1):  3422 (OH), 1635 (CO).  HRMS:  
(M+) calcd (35Cl), 370.0528, obsd. 370.0515.  Analysis Calc. for C21H17O2Cl2:  C, 
67.94; H, 4.34.  Found:  C, 65.78; H, 4.23.   
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Synthesis of [Tl{1,2-C5H3(COCH2-4-ClC6H4)2}] (19b).  In a 125-mL 
Schlenk flask, TlOEt (700 mg, 2.70 mmol) was added via syringe to a stirred 
solution of 19a (1.00 g, 2.70 mmol) in 30 mL of THF.  A yellow precipitate formed 
immediately.  The suspension was allowed to stir for two h at room temperature.  
The volatiles were removed in vacuo and the crude product was washed with cold 
ethyl ether and filtered to give 19b (1.33 g, 85.7%) as a brown solid.  Mp:  100–
130 °C (dec).  1H NMR (200 MHz, DMSO-d6 ppm):  δ  4.02 (s, 4H, CH2), 5.65 (t, 
1H, 3J = 3.6 Hz, CHCHCH), 6.55 (d, 2H, 3J = 3.6 Hz, CHCHCH), 7.19–7.36 (m, 8H, 
Ph).  13C NMR (50 MHz, DMSO-d6 ppm):  δ  46.0 (CH2), 110.6 (CHCHCH), 123.0 
(CHCHCH), 124.9 (CC), 127.7, 131.3, 137.6, 138.3 (Ph), 191.6 (COCH2Ph).  IR 
(KBr, cm-1):  1576 (CO).  MS (EI):  m/z 370 (M+ - Tl). Analysis Calc. for 
C21H16O2Cl2Tl:  C, 43.91; H, 2.63.  Found:  C, 39.28; H, 2.03.      
Synthesis of [Mn(CO)3{η5-1,2-C5H3(COCH2-4-ClC6H4)2}] (19c).  In a 125-
mL Schlenk flask, [MnBr(CO)5] (250 mg, 0.909 mmol) was added to a stirred 
solution of 19b (520 mg, 0.909 mmol) in 40 mL of benzene.  The solution was 
allowed to reflux overnight.  The reaction was cooled and passed through a thin 
pad of Celite and the volatiles were removed in vacuo.  The crude product was 
triturated with cold pentane to give 19c (317 mg, 68.7%) as a tan semi-solid.  An 
analytically pure sample was obtained by chromatographing 19c with ethyl ether 
on a thick pad of alumina.  1H NMR (200 MHz, C6D6, ppm):  δ 3.39–3.56 (m, 5H, 
CH2 and CHCHCH), 4.29 (d, 2H, 3J = 2.6 Hz, CHCHCH), 6.78 (d, 4H, 3J = 8.0 Hz, 
Ph), 7.06 (d, 4H, 3J = 8.0 Hz, Ph).  13C NMR (50 MHz, C6D6, ppm):  δ 47.6 (CH2), 
79.5 (CHCHCH), 88.4 (CHCHCH), 99.2 (CC), 129.4, 131.5, 132.8, 133.9 (Ph), 
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195.4 (COCH2Ph), 222.7 (CO).  IR (KBr, cm-1):  2033, 1953 (CO).  MS (EI):  m/z 
509 (M+). Analysis Calc. for C18H16O5Cl2Mn:  C, 56.61; H, 2.97.  Found:  C, 55.98; 
H, 2.82.   
Synthesis of [Mn(CO)3{η5-SC7H3-1,3-(CH-4-ClC6H4)2}] (19d).  In a 125-mL 
Schlenk flask, 19c (260 mg, 0.512 mmol) was added to a stirred suspension of 
P4S10 (1.14 g, 2.56 mmol) and NaHCO3 (219 mg, 2.61 mmol) in 40 mL of CS2.  
The reaction mixture was allowed to reflux for 8 h and and additional P4S10 (1.14 g, 
2.56 mmol) and NaHCO3 (219 mg, 2.61 mmol) was added.  The reaction was 
allowed to reflux for 8 additional h and then cooled to room temperature.  The 
reaction mixture was then passed through a thick pad of alumina and the volatiles 
were removed in vacuo to give 19d (141 mg, 53.2%) as a yellow solid.  An 
analytically pure sample was obtained by chromatographing 19d with ethyl ether 
on a thick pad of alumina.  Mp:  197–198 °C.  1H NMR (200 MHz, d-acetone, 
ppm):  δ 5.40 (t, 1H, 3J = 3.0 Hz, CHCHCH), 5.54 (d, 2H, 3J = 3.0 Hz, CHCHCH), 
7.23 (s, 2H, CH), 7.47–7.61 (m, 8H, Ar).  13C{1H} NMR (50 MHz, d-acetone, 
ppm):  δ 72.7 (CHCHCH), 90.4 (CHCHCH), 109.4 (CC), 119.9 (ArCS), 130.0, 
131.0, 133.8, 135.7 (Ar), 225.6 (CO).  IR (KBr, cm-1):  2021, 1946, 1902 (CO). MS 
(EI):  m/z 506 (M+).  Analysis Calc. for C18H14SO3Cl2Mn:  C, 56.83; H, 2.58.  
Found:  C, 56.89; H, 2.89.             
Synthesis of [RuCp*{η5-1,2-C5H3(COCH2-4-ClC6H4)2}] (19e).  In a 125-mL 
Schlenk flask, [Cp*Ru(µ3-Cl)]4 (250 mg, 0.230 mmol) was added to a stirred 
solution of 19b (530 mg, 0.920 mmol) in 40 mL of THF.  The solution was allowed 
to stir at room temperature overnight.  The reaction passed through a thin pad of 
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Celite and the volatiles were removed in vacuo.  The crude product was 
chromatographed with with ethyl ether on a thick pad of alumina.  The volatiles 
were removed in vacuo and the product was triturated with cold pentane to give 
19e (210 mg, 38.5%) as a light yellow solid.  Mp:  136–137 °C.  1H NMR (200 
MHz, C6D6, ppm):  δ 1.64 (s, 15H, Cp*), 3.76–3.78 (m, 4H, CH2), 4.10 (t, 1H, 3J = 
2.6 Hz, CHCHCH), 4.29 (d, 2H, 3J = 2.6 Hz, CHCHCH), 6.70–7.09 (m, 8H, Ph).  
13C NMR (50 MHz, C6D6, ppm):  δ 11.0 (Cp*), 47.8 (CH2), 77.2 (Cp*), 79.7 
(CHCHCH), 85.8 (CHCHCH), 88.2 (CC), 129.1, 131.8, 133.2, 134.6 (Ph), 198.0 
(COCH2Ph).  IR (KBr, cm-1):  2916 (Cp*), 1682 (CO), 1660 (Cp*).  MS (EI):  m/z 
606 (M+). Analysis Calc. for C31H15O2Cl2Ru:  C, 61.39; H, 4.99.  Found:  C, 61.41; 
H, 4.96.   
Synthesis of [RuCp*{η5-SC7H3-1,3-(CH-4-ClC6H4)2}] (19f).  In a 125-mL 
Schlenk flask, 19e (210 mg, 0.355 mmol) was added to a stirred suspension of 
Lawesson’s reagent (300 mg, 0.742 mmol) in 40 mL of benzene.  The reaction was 
allowed to reflux for 8 h when additional Lawesson’s reagent (300 mg, 0.742 
mmol) was added.  The reaction was allowed to reflux for another 8 h and cooled 
to room temperature.  The reaction mixture was then passed through a thick pad of 
alumina and the volatiles were removed in vacuo to give 19f (164 mg, 78.4%) as a 
yellow solid.  An analytically pure sample was obtained by chromatographing 19f 
with ethyl ether on a thick pad of alumina.  Mp:  200–220 °C (dec).  1H NMR (200 
MHz, C6D6, ppm):  δ 4.40 (t, 1H, 3J = 2.6 Hz, CHCHCH), 4.53 (d, 2H, 3J = 2.6 Hz, 
CHCHCH), 6.39 (s, 2H, CH), 7.01–7.31 (m, 8H, Ar).  13C{1H} NMR (50 MHz, C6D6, 
ppm):  δ 10.8 (Cp*), 66.4 (CHCHCH), 78.5 (Cp*), 86.2 (CHCHCH), 95.3 (CC), 
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113.9 (ArCS), 129.6, 132.4, 135.7, 136.6 (Ph).  IR (KBr, cm-1):  2961, 1638, 1616 
(Cp*). MS (EI):  m/z 604 (M+).  Analysis Calc. for C31H13SCl2Ru:  C, 61.58; H, 4.67.  
Found:  C, 61.47; H, 4.75.   
Synthesis of 1,2-C5H3(COHCH2-4-BrC6H4)(COCH2-4-BrC6H4) (20a).  To a 
250-mL three-necked round-bottom flask, freshly cracked cyclopentadiene (1.35 g, 
1.69 mL, 20.8 mmol) was added dropwise to a stirred solution of n-butyllithium 
(8.37 mL, 2.5 M in hexanes, 20.8 mmol) in 75 mL of ethyl ether.  A white 
precipitate of cyclopentadienyllithium immediately formed.  The white suspension 
was stirred at 0 °C for 15 minutes.  To the reaction mixture, a solution of 4-
bromophenylacetyl chloride (3.26 g, 14.8 mmol) in 20 mL of ether was added.  A 
bright yellow color formed immediately.  The mixture was allowed to warm to room 
temperature and stir for 1 hour.  The reaction mixture was hydrolyzed with 3% 
acetic acid (50 mL).   The organic layer was collected and the aqueous layer was 
exacted with ethyl ether (3 x 50 mL).  The combined ether extracts were combined 
and dried over MgSO4.  The volatiles were removed in vacuo to give a yellow-
brown solid.  Trituration with cold pentane gave 20a (2.32 g, 73.0%), as yellow 
solid.  Mp:  86–88 °C.  1H NMR (200 MHz, CDCl3 ppm):  δ 4.08 (s, 4H, CH2), 6.49 
(t, 1H, 3J = 4.0 Hz, CHCHCH), 7.13–7.38 (m, 8H, Ph), 7.51 (d, 2H, 3J = 4.0 Hz, 
CHCHCH), 18.05 (s, 1H, OH).  13C NMR (50 MHz, CDCl3 ppm):  δ  42.1 (CH2), 
121.4 (CHCHCH), 122.8 (CHCHCH), 124.4 (CC), 131.2, 132.0, 134.9, 138.2 (Ph), 
187.7 (COCH2Ph).  IR (KBr thin film, cm-1):  3416 (OH), 1616 (CO).  MS (EI):  
m/z 462 (M+).  Analysis Calc. for C21H17O2Br2:  C, 54.69; H, 3.72.  Found:  C, 
54.56; H, 3.53.   
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Synthesis of [Tl{1,2-C5H3(COCH2-4-BrC6H4)2}] (20b).  In a 125-mL 
Schlenk flask, TlOEt (813 mg, 3.26 mmol) was added via syringe to a stirred 
solution of 20a (1.50 g, 3.26 mmol) in 30 mL of THF.  A yellow precipitate formed 
immediately.  The suspension was allowed to stir for two h at room temperature.  
The volatiles were removed in vacuo and the crude product was washed with cold 
ethyl ether and filtered to give 20b (1.71 g, 79.1%) as a brown solid.  Mp:  160–
170 °C. 1H NMR (200 MHz, DMSO-d6 ppm):  δ  4.00 (s, 4H, CH2), 5.65 (t, 1H, 3J = 
3.0 Hz, CHCHCH), 6.55 (d, 2H, 3J = 3.0 Hz, CHCHCH), 7.16 (d, 4H, 3J = 8.4 Hz, 
Ph), 7.38 (d, 4H, 3J = 8.4 Hz, Ph).  13C NMR (50 MHz, DMSO-d6 ppm):  
δ  46.1 (CH2), 110.6 (CHCHCH), 123.0 (CHCHCH), 124.9 (CC), 130.6, 131.2, 
131.7, 138.7 (Ph), 191.5 (COCH2Ph).  IR (KBr, cm-1):  1576 (CO).  MS (EI):  m/z 
665 (M+).  Analysis Calc. for C21H16O2Br2Tl:  C, 37.96; H, 2.43.  Found:  C, 36.86; 
H, 2.03.      
Synthesis of [Mn(CO)3{η5-1,2-C5H3(COCH2-4-BrC6H4)2}] (20c).  In a 125-
mL Schlenk flask, [MnBr(CO)5] (172 mg, 0.909 mmol) was added to a stirred 
solution of 20b (416 mg, 0.626 mmol) in 40 mL of benzene.  The solution was 
allowed to reflux overnight.  The reaction was cooled and passed through a thin 
pad of Celite and the volatiles were removed in vacuo.  The crude product was 
triturated with cold pentane to give 20c (250 mg, 67.0%) as a tan semi-solid.  An 
analytically pure sample was obtained by chromatographing 20c with ethyl ether 
on a thick pad of alumina.  1H NMR (200 MHz, C6D6, ppm):  δ 3.37–3.59 (m, 5H, 
CH2 and CHCHCH), 4.27 (d, 2H, 3J = 2.6 Hz, CHCHCH), 6.70 (d, 4H, 3J = 7.6 Hz, 
Ph), 7.23 (d, 4H, 3J = 87.6 Hz, Ph).  13C NMR (50 MHz, C6D6, ppm):  δ 47.7 (CH2), 
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79.5 (CHCHCH), 88.4 (CHCHCH), 99.2 (CC), 122.0, 131.9 132.3 133.3(Ph), 
195.3(COCH2Ph), 222.6 (CO).  IR (KBr, cm-1):  2033, 1945 (CO).  MS (EI):  m/z 
596 (M+). Analysis Calc. for C18H16O5Br2Mn:  C, 48.35; H, 2.20.  Found:  C, 47.04; 
H, 2.52.   
Synthesis of [Mn(CO)3{η5-SC7H3-1,3-(CH-4-BrC6H4)2}] (20d).  In a 125-mL 
Schlenk flask, 20c (250 mg, 0.419 mmol) was added to a stirred suspension of 
P4S10 (932 mg, 2.10 mmol) and NaHCO3 (180 mg, 2.14 mmol) in 40 mL of CS2.  
The reaction mixture was allowed to reflux for 8 h and and additional P4S10 (932 
mg, 2.10 mmol) and NaHCO3 (180 mg, 2.14 mmol) was added.  The reaction was 
allowed to reflux for 8 additional h and then cooled to room temperature.  The 
reaction mixture was then passed through a thick pad of alumina and the volatiles 
were removed in vacuo to give 20d (174 mg, 69.6%) as a yellow solid.  An 
analytically pure sample was obtained by chromatographing 20d with ethyl ether 
on a thick pad of alumina.  Slow recrystallization from benzene at room 
temperature in air gave yellow, single crystals of 20d.  Mp:  211–212 °C.  1H NMR 
(200 MHz, d-acetone, ppm):  δ 5.38 (t, 1H, 3J = 3.0 Hz, CHCHCH), 5.54 (d, 2H, 3J 
= 3.0 Hz, CHCHCH), 7.23 (s, 2H, CH), 7.52 (d, 4H, 3J = 8.8 Hz, Ph), 7.65 (d, 4H, 
3J = 8.8 Hz, Ph).  13C{1H} NMR (50 MHz, d-acetone, ppm):  δ 72.7 (CHCHCH), 
90.4 (CHCHCH), 109.4 (CC), 119.9 (ArCS), 129.2, 131.2, 132.9, 136.1 (Ar), 225.6 
(CO).  IR (KBr, cm-1):  2013, 1932 (CO). MS (EI):  m/z 596 (M+).  Analysis Calc. 
for C18H14SO3Br2Mn:  C, 48.35; H, 2.20.  Found:  C, 49.10; H, 2.38.             
Synthesis of 1,2-C5H3(COHFc)(COFc) (21a).  To a 250-mL three-necked 
round-bottom flask, freshly cracked cyclopentadiene (0.938 g, 1.17 mL, 14.4 mmol) 
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was added dropwise to a stirred solution of n-butyllithium (5.77 mL, 2.5 M in 
hexanes, 14.4 mmol) in 75 mL of ethyl ether.  A white precipitate of 
cyclopentadienyllithium immediately formed.  The white suspension was stirred at 
0 °C for 15 minutes.  To the reaction mixture, a solution of ferrocenylacyl chloride 
(2.39 g, 9.62 mmol) in 20 mL of ether was added.  A red color formed immediately.  
The mixture was allowed to warm to room temperature and stir for 1 hour.  The 
reaction mixture was hydrolyzed with 3% acetic acid (50 mL).   The organic layer 
was collected and the aqueous layer was exacted with ethyl ether (3 x 50 mL).  
The combined ether extracts were combined and dried over MgSO4.  The volatiles 
were removed in vacuo to give a red solid. The crude product was washed with hot 
ether and filtered to give 21a (840 mg, 35.6%), as red solid.  Mp:  82–84 °C.  1H 
NMR (200 MHz, CDCl3 ppm):  δ 4.23 (s, 10H, C5H5), 4.56 (t, 4H, 3J = 2.0 Hz, 
C5H4), 5.02 (t, 4H, 3J = 2.0 Hz, C5H4), 6.41 (t, 1H, 3J = 4.0 Hz, CHCHCH), 7.64 (d, 
2H, 3J = 4.0 Hz, CHCHCH), 18.60 (s, 1H, OH).  13C NMR (50 MHz, CDCl3 ppm):  
δ  70.8 (C5H5), 71.8, 72.1, 79.9 (C5H4), 121.3 (CHCHCH), 124.5 (CC), 135.9 
(CHCHCH), 188.0 (COFc).  IR (KBr thin film, cm-1):  3416 (OH), 1616 (CO).  MS 
(EI):  490 (M+).  Analysis Calc. for C27H22O2Fe2:  C, 66.16; H, 4.52.  Found:  C, 
65.48; H, 4.87.   
Synthesis of [Tl{1,2-C5H3(COFc)2}] (21b).  In a 125-mL Schlenk flask, 
TlOEt (412 mg, 1.65 mmol) was added via syringe to a stirred solution of 21a (810 
mg, 1.65 mmol) in 30 mL of THF.  A brown precipitate formed immediately.  The 
suspension was allowed to stir for two h at room temperature.  The crude product 
was filtered and washed with cold ethyl ether to give 21b (860 mg, 75.1%) as a 
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brown solid.  Mp:  160–200 °C (dec). 1H NMR (200 MHz, DMSO-d6 ppm):  δ  4.21 
(s, 10H, C5H5), 4.33 (t, 4H, 3J = 2.0 Hz, C5H4), 4.76 (t, 4H, 3J = 2.0 Hz, C5H4), 5.62 
(t, 1H, 3J = 4.0 Hz, CHCHCH), 6.41 (d, 2H, 3J = 4.0 Hz, CHCHCH).  13C NMR (50 
MHz, DMSO-d6 ppm):  δ  69.4 (C5H5), 69.5, 70.5, 83.8 (C5H4), 108.2 (CHCHCH), 
118.6 (CHCHCH), 126.7 (CC), 190.8 (COFc).  IR (KBr, cm-1):  1634 (CO).  MS 
(EI):  m/z 694 (M+).  Analysis Calc. for C27H21O2Fe2Tl:  C, 46.76; H, 3.05.  Found:  
C, 43.46; H, 2.69.      
Synthesis of [Mn(CO)3{η5-1,2-C5H3(COFc)2}] (21c).  In a 125-mL Schlenk 
flask, [MnBr(CO)5] (250 mg, 0.909 mmol) was added to a stirred solution of 21b 
(631 mg, 0.909 mmol) in 40 mL of benzene.  The solution was allowed to reflux 
overnight.  The reaction was cooled and passed through a thin pad of Celite and 
the volatiles were removed in vacuo.  The crude product was triturated with cold 
pentane to give 21c (417 mg, 73.1%) as a red-orange solid.   An analytically pure 
sample of 21c was obtained by chromatography using a thin pad of silica and 
methylene chloride as eluent.  Mp:  170–190 °C.  1H NMR (200 MHz, DMSO-d6 
ppm):  δ  4.21 (s, 10H, C5H5), 4.33 (t, 4H, 3J = 2.0 Hz, C5H4), 4.76 (t, 4H, 3J = 2.0 
Hz, C5H4), 5.62 (t, 1H, 3J = 4.0 Hz, CHCHCH), 6.41 (d, 2H, 3J = 4.0 Hz, CHCHCH).  
13C NMR (50 MHz, DMSO-d6 ppm):  δ  69.9 (C5H5), 72.3, 72.5, 81.1 (C5H4), 87.9 
(CHCHCH), 102.8 (CHCHCH), 115.5 (CC), 192.2 (COFc), 223.6 (CO).  IR (KBr, 
cm-1):  2027, 1943, 1929 (CO).  MS (EI):  m/z 628 (M+). Analysis Calc. for 
C30H21O5Fe2Mn:  C, 57.37; H, 3.37.  Found:  C, 56.99; H, 3.43.   
Synthesis of [Mn(CO)3{η5-SC7H3-1,3-Fc2}] (21d).  In a 125-mL Schlenk 
flask, 21c (170 mg, 0.271 mmol) was added to a stirred suspension of Lawesson’s 
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reagent (300 mg, 0.742 mmol) in 40 mL of benzene.  The reaction was allowed to 
reflux for 6 h and cooled to room temperature.  The reaction mixture was then 
passed through a thick pad of alumina and the volatiles were removed in vacuo to 
give 21d (130 mg, 76.6%) as a blue solid.  An analytically pure sample was 
obtained by chromatography using a thick pad of silica and 50/50 ethyl 
ether/hexanes.  Mp:  100–120 °C (dec).  1H NMR (200 MHz, d-acetone, ppm):  
δ  4.17 (s, 10H, C5H5), 4.46 (m, 2H, C5H4), 4.50 (m, 2H, C5H4), 4.74 (m, 2H, C5H4), 
4.91 (m, 2H, C5H4), 5.61 (t, 1H, 3J = 2.8 Hz, CHCHCH), 5.67 (d, 2H, 3J = 2.8 Hz, 
CHCHCH).  13C{1H} NMR (50 MHz, d-acetone, ppm):  δ 65.2, 67.2, 67.7, 70.1, 
70.3 (C5H4), 70.9 (C5H5), 80.4 (C5H4), 96.7 (CHCHCH), 114.2 (CHCHCH), 127.8 
(CC), 129.1 (FcCS), 225.6 (CO).  IR (KBr, cm-1):  2002, 1937, 1902 (CO). MS (EI):  
m/z 628 (M+).  Analysis Calc. for C30H21SO3Fe2Mn:  C, 57.37; H, 3.37.  Found:  C, 
57.89; H, 3.66.             
Synthesis of 1,2-C5H3(COHCH2-4-MeC6H4)(COCH2-4-MeC6H4) (22a).  To 
a 250-mL three-necked round-bottom flask, freshly cracked cyclopentadiene (3.03 
g, 3.77 mL, 46.6 mmol) was added dropwise to a stirred solution of n-butyllithium 
(18.6 mL, 2.5 M in hexanes, 46.6 mmol) in 75 mL of ethyl ether.  A white 
precipitate of cyclopentadienyllithium immediately formed.  The white suspension 
was stirred at 0 °C for 15 minutes.  To the reaction mixture, a solution of tolylacetyl 
chloride (5.25 g, 31.1 mmol) in 20 mL of ether was added.  A bright yellow color 
formed immediately.  The mixture was allowed to warm to room temperature and 
stir for 1 hour.  The reaction mixture was hydrolyzed with 3% acetic acid (50 mL).   
The organic layer was collected and the aqueous layer was exacted with ethyl 
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ether (3 x 50 mL).  The combined ether extracts were combined and dried over 
MgSO4.  The volatiles were removed in vacuo to give 22a (4.89 g, 95.4%) a yellow 
solid.  Mp:  70–72 °C.  1H NMR (200 MHz, CDCl3 ppm):  δ 2.30 (s, 6H, Me), 4.09 
(s, 4H, CH2), 6.46 (t, 1H, 3J = 4.0 Hz, CHCHCH), 7.06–7.21 (m, 8H, Ph), 7.51 (d, 
2H, 3J = 4.0 Hz, CHCHCH), 18.15 (s, 1H, OH).  13C NMR (50 MHz, CDCl3 ppm):  
δ  21.3 (Me) 42.4 (CH2), 122.3 (CHCHCH), 124.4 (CC), 129.3, 129.6, 130.7, 137.8, 
(Ph), 138.2 (CHCHCH), 188.5 (COCH2Ph).  IR (KBr thin film, cm-1):  3420 (OH), 
1732 (CO).  MS (EI):  m/z 330 (M+).   Analysis Calc. for C23H21O2:  C, 83.61; H, 
6.71.  Found:  C, 79.78; H, 6.46.   
Synthesis of [Tl{1,2-C5H3(COCH2-4-MeC6H4)2}] (22b).  In a 125-mL 
Schlenk flask, TlOEt (680 mg, 2.76 mmol) was added via syringe to a stirred 
solution of 22a (910 mg, 2.76 mmol) in 30 mL of THF.  A yellow precipitate formed 
immediately.  The suspension was allowed to stir for two h at room temperature.  
The volatiles were removed in vacuo and the crude product was washed with cold 
ethyl ether and filtered to give 22b (1.00 g, 67.8%) as a light grey solid.  Mp:  100–
150 °C (dec).  1H NMR (200 MHz, DMSO-d6 ppm):  δ  2.23 (s, 6H, Me), 3.95 (s, 
4H, CH2), 5.60 (t, 1H, 3J = 3.6 Hz, CHCHCH), 6.49 (d, 2H, 3J = 3.6 Hz, CHCHCH), 
6.91–7.27 (m, 8H, Ph).  13C NMR (50 MHz, DMSO-d6 ppm):  δ  20.6 
(Me), 46.5 (CH2), 110.1 (CHCHCH), 122.3 (CHCHCH), 125.1 (CC), 128.3, 129.3, 
134.1, 136.1 (Ph), 192.5 (COCH2Ph).  IR (KBr, cm-1):  1559 (CO).  MS (EI):  m/z 
535 (M+). Analysis Calc. for C23H21O2Tl:  C, 51.75; H, 3.97.  Found:  C, 49.01; H, 
3.51.      
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Synthesis of [Mn(CO)3{η5-1,2-C5H3(COCH2-4-MeC6H4)2}] (22c).  In a 125-
mL Schlenk flask, [MnBr(CO)5] (250 mg, 0.909 mmol) was added to a stirred 
solution of 22b (484 mg, 0.909 mmol) in 40 mL of benzene.  The solution was 
allowed to reflux overnight.  The reaction was cooled and passed through a thin 
pad of Celite and the volatiles were removed in vacuo.  The crude product was 
triturated with cold pentane to give 22c (268 mg, 62.9%) as a tan semi-solid.  1H 
NMR (200 MHz, C6D6, ppm):  δ 2.07 (s, 6H, Me), 3.49 (t, 1H, 3J = 3.0 Hz, 
CHCHCH), 3.71 (m, 4H, CH2), 4.35 (d, 2H, 3J = 3.0 Hz, CHCHCH), 6.93 (d, 4H, 3J 
= 8.2 Hz, Ph), 7.02 (d, 4H, 3J = 8.2 Hz, Ph).  13C NMR (50 MHz, C6D6, ppm):  
δ 21.0 (Me), 48.0 (CH2), 78.7 (CHCHCH), 88.1 (CHCHCH), 99.4 (CC), 129.5, 
129.6, 131.2, 136.7 (Ph), 195.6 (COCH2Ph), 222.4 (CO).  IR (KBr, cm-1):  2031, 
1941 (CO).  MS (EI):  m/z 468 (M+). Analysis Calc. for C23H21O5Mn:  C, 66.67; H, 
4.52.  Found:  C, 66.67; H, 4.40.   
Synthesis of [Mn{η5-SC7H3-1,3-(CH-4-MeC6H4)2}(CO)3] (22d).  In a 125-
mL Schlenk flask, 22c (120 mg, 0.256 mmol) was added to a stirred suspension of 
P4S10 (570 mg, 1.28 mmol) and NaHCO3 (118 mg, 1.41 mmol) in 40 mL of CS2.  
The reaction mixture was allowed to reflux for 8 h and and additional P4S10 (570 
mg, 1.28 mmol) and NaHCO3 (118 mg, 1.41 mmol) was added.  The reaction was 
allowed to reflux for 8 additional h and then cooled to room temperature.  The 
reaction mixture was then passed through a thick pad of alumina and the volatiles 
were removed in vacuo to give 22d (53.0 mg, 44.4%) as a yellow solid.  An 
analytically pure sample was obtained by washing 22d with cold ethyl ether and 
filtering.  Mp:  197–198 °C.  1H NMR (200 MHz, C6D6, ppm):  δ 2.05 (s, 6H, Me), 
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4.23 (s, 3H, CHCHCH and CHCHCH), 6.68 (s, 2H, CH), 6.95 (d, 4H, 3J = 7.8 Hz, 
Ph), 7.45 (d, 4H, 3J = 7.8 Hz, Ph).  13C{1H} NMR (50 MHz, C6D6, ppm):  δ 21.6 
(Me), 70.4 (CHCHCH), 88.4 (CHCHCH), 109.1 (CC), 120.3 (ArCS), 129.9, 130.1, 
133.9, 138.0 (Ar), 225.0 (CO).  IR (KBr, cm-1):  2016, 1937, 1920 (CO). MS (EI):  
m/z 466 (M+).  Analysis Calc. for C23H19SO3Mn:  C, 66.95; H, 4.11.  Found:  C, 
66.58; H, 4.11.     
Synthesis of [RuCp*{η5-1,2-C5H3(CO-4-MeC6H4CH2)2}] (22e).  In a 125-
mL Schlenk flask, [Cp*Ru(µ3-Cl)]4 (250 mg, 0.230 mmol) was added to a stirred 
solution of 22b (490 mg, 0.920 mmol) in 40 mL of THF.  The solution was allowed 
to stir at room temperature overnight.  The reaction passed through a thin pad of 
Celite and the volatiles were removed in vacuo.  The crude product was 
chromatographed with with ethyl ether on a thick pad of alumina.  The volatiles 
were removed in vacuo and the product was triturated with cold pentane to give 
22e (315 mg, 60.9%) as an amber semi-solid.  1H NMR (200 MHz, C6D6, ppm):  
δ 1.69 (s, 15H, Cp*), 2.10 (s, 6H, Me), 3.99 (s, 4H, CH2), 4.08 (t, 1H, 3J = 2.6 Hz, 
CHCHCH), 4.26 (d, 2H, 3J = 2.6 Hz, CHCHCH), 6.97 (d, 4H, 3J = 7.8 Hz, Ph), 7.24 
(d, 4H, 3J = 7.8 Hz, Ph).  13C NMR (50 MHz, C6D6, ppm):  δ 10.9 (Cp*), 21.2 (Me), 
48.5 (CH2), 76.9 (CHCHCH), 79.6 (Cp*), 88.0 (CHCHCH), 88.1 (CC), 129.7, 130.4, 
133.4, 136.3 (Ph), 199.3 (COCH2Ph).  IR (KBr, cm-1):  2955 (Cp*), 1655 (CO), 
1618 (Cp*).  MS (EI):  m/z 562 (M+). Analysis Calc. for C33H21O2Ru:  C, 69.84; H, 
6.39.  Found:  C, 70.20; H, 6.62.   
Synthesis of [RuCp*{η5-SC7H3-1,3-(CH-4-MeC6H4)2}] (22f).  In a 125-mL 
Schlenk flask, 19e (150 mg, 0.267 mmol) was added to a stirred suspension of 
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Lawesson’s reagent (300 mg, 0.742 mmol) in 40 mL of benzene.  The reaction was 
allowed to reflux for 8 h when additional Lawesson’s reagent (300 mg, 0.742 
mmol) was added.  The reaction was allowed to reflux for another 8 h and cooled 
to room temperature.  The reaction mixture was then passed through a thick pad of 
alumina and the volatiles were removed in vacuo to give 22f (55.2 mg, 36.9%) as 
an orange-yellow solid.  An analytically pure sample was obtained by washing 22f 
with cold ethyl ether and filtering.  Mp:  210–230 °C (dec).  1H NMR (200 MHz, d-
acetone, ppm):  δ 1.72 (s, 15H, Cp*), 2.32 (s, 6H, Me), 4.56 (t, 1H, 3J = 2.6 Hz, 
CHCHCH), 4.83 (d, 2H, 3J = 2.6 Hz, CHCHCH), 6.67 (s, 2H, CH2), 7.11–7.44 (m, 
8H, Ph).  13C{1H} NMR (50 MHz, d-acetone, ppm):  δ 10.5 (Cp*), 21.3 (Me), 66.7 
(CHCHCH), 79.5 (Cp*), 86.2 (CHCHCH), 94.7 (CC), 115.2 (ArCS), 128.7, 130.0, 
130.4, 136.7 (Ph).  IR (KBr, cm-1):  2963, 1638, 1618 (Cp*). MS (EI):  m/z 560 
(M+).  Analysis Calc. for C33H19SRu:  C, 70.08; H, 6.06.  Found:  C, 70.45; H, 6.12.   
Synthesis of [Mn(CO)3{η5-1,2-C5H3(CO-CH2tBu)2}] (23c).  In a 125-mL 
Schlenk flask, [MnBr(CO)5] (250 mg, 0.909 mmol) was added to a stirred solution 
of 23b (423 mg, 0.909 mmol) in 40 mL of benzene.  The solution was allowed to 
reflux overnight.  The reaction was cooled and passed through a thin pad of Celite 
and the volatiles were removed in vacuo.  The crude product was triturated with 
cold pentane to give 23c (321 mg, 88.3%) as a light yellow solid.  An analytically 
pure sample of 23c was obtained by recrystallization from hexanes.  Mp:  60–61 
°C. 1H NMR (200 MHz, C6D6, ppm):  δ 1.02 (s, 18H, tBu), 2.37 (s, 4H, CH2), 3.57 
(t, 1H, 3J = 3.0 Hz, CHCHCH), 4.35 (d, 2H, 3J = 3.0 Hz, CHCHCH).  13C NMR (50 
MHz, C6D6, ppm):  δ 30.0 (Me), 53.7 (CH2), 78.9 (CHCHCH), 87.8 (CHCHCH), 
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102.1 (CC), 197.5 (COCH2tBu), 223.2 (CO).  IR (KBr, cm-1):  2036, 1945 (CO).  
MS (EI):  m/z 400 (M+). Analysis Calc. for C20H25O5Mn:  C, 60.00; H, 6.29.  Found:  
C, 60.04; H, 6.22.   
Attempted synthesis of [Mn{η5-SC7H3-1,3-(CHtBu)}(CO)3]  (23d).  
Method A:  In a 125-mL Schlenk flask, 23c (130 mg, 0.325 mmol) was added to a 
stirred suspension of P4S10 (700 mg, 1.58 mmol) and NaHCO3 (146 mg, 1.73 
mmol) in 40 mL of CS2.  The reaction mixture was allowed to reflux overnight.  The 
reaction was cooled, passed through a thick pad of alumina, and the volatiles were 
removed in vacuo.  Analysis of the crude reaction material by 1H NMR showed 
only the presence of the starting material 23c and no indication that the desired 
product 23d was present.  Method B:  In a 125-mL Schlenk flask, 23c (130 mg, 
0.325 mmol) was added to a stirred suspension of Lawesson’s reagent (300 mg, 
0.742 mmol) in 40 mL of benzene.  The reaction was allowed to reflux for 8 h when 
additional Lawesson’s reagent (300 mg, 0.742 mmol) was added.  The reaction 
was allowed to reflux for another 8 h and cooled to room temperature.  The 
reaction mixture was passed through a thick pad of alumina and the volatiles were 
removed in vacuo.  Analysis of the crude product by 1H NMR indicated only 
decomposition and no presence of the desired product 23d.  Method C:  In a 125-
mL Schlenk flask, 23c (130 mg, 0.325 mmol) was added to a stirred suspension of 
P4S10 (700 mg, 1.58 mmol) and NaHCO3 (146 mg, 1.73 mmol) in 40 mL of 1,2-
dichloroethane.  The reaction mixture was allowed to reflux overnight.  The 
reaction was cooled, passed through a thick pad of alumina, and the volatiles were 
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removed in vacuo.  Analysis of the crude reaction material by 1H NMR indicated 
only decomposition, with no presence of the desired product 23d.             
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Results 
 
  
 Synthesis.  Synthesis of 5,5-fused ring thiophene complexes 1d, 3d–5d, 
8d–13d, 15d, 16d, and 18d–22d was accomplished by employing various 1,2-
diacylcyclopentadienes as starting material (Scheme 2.4).  These fulvenes were 
prepared by the method described by Wallace and Selegue,76 which was an 
adaptation of Linn and Sharkey.96  The procedure involved reacting a suspension 
of the lithium salt of cyclopentadiene with the appropriate acyl chloride, in a 3:2 
ratio.  Wallace and Selegue previously synthesized the benzoyl (1a), acetyl (2a), 
thienoyl (3a), and pivaloyl (13a) fulvenes in low to moderate yield (13–58%).  
Snyder and Selegue were also able to form the 5-methylthienoyl fulvene (27a) in 
good yield (51.3%).75 Likewise, Swisher and Selegue were able to form the t-
butylacetyl fulvene (23a) under analogous conditions.90  We expanded this 
synthesis to form the 4-toluoyl (4a), 4-methoxybenzoyl (5a), 4-nitrobenzoyl (6a), 
benzo[b]thienoyl (8a), 4-chlorobenzoyl (9a), 4-bromobenzoyl (10a), 5-
chlorothienoyl (11a), isopropyl (14a), 5-bromothienoyl (15a), phenylacetyl (16a)  
diphenylacetyl (17a), thienylacetyl (18a), 4-chlorophenylacetyl (19a), 4-
bromophenylacetyl (20a), ferrocenoyl (21a), and tolylacetyl (22a) fulvenes in 
moderate to good yield (35.6–95.4%), employing either commercially available or 
freshly prepared acyl chlorides.   
 Wallace and Selegue were also able to form the benzoyl (1b), acetyl (2b), 
thienoyl (3b), and pivaloyl (13b) thallium salts by reaction of the corresponding 
fulvenes with one equivalent of TlOEt in THF at room temperature in high yield  
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Scheme 2.4.  Synthesis of some η5-thiapentalenyl tricarbonylmanganese 
complexes.    
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(75% to quantitative yield).  Under these same conditions, Snyder and Selegue 
were able to form the thallium salt of the 5-methylthienoyl fulvene (12b), in nearly 
quanitative yield.75  Likewise, Swisher and Selegue formed the t-butylacetyl 
thalium salt (23b) under identical conditions with nearly quantitative yield.90 
Reaction of the 4-toluoyl (4a), 4-methoxybenzoyl (5a), and benzo[b]thienoyl (8a), 
4-chlorobenzoyl (9a), 4-bromobenzoyl (10a), 5-chlorothienoyl (11a), isopropyl 
(14a), 5-bromothienoyl (15a), phenylacetyl (16a), diphenylacetyl (17a), 
thienylacetyl (18a), 4-chlorophenylacetyl (19a), 4-bromophenylacetyl (20a), 
ferrocenoyl (21a), and tolylacetyl (22a) fulvenes under identical conditions afforded 
the corresponding thallium salts 4b, 5b, 8b–11b, 14b–22b in moderate to high 
yield (56.0–85.7%).  In the case of the 4-nitrobenzoyl fulvene (6a), no thallium salt 
could be attained.   
 Reaction of the thallium salts 1b–5b and 8b–23b with [MnBr(CO)5] gave the  
corresponding diacylcyclopentadienyl tricarbonylmanganese complexes 1c–5c and 
8c–23c in high yield (45.7–93.2%).  Transmetallation was accomplished by 
refluxing 1b–5b and 8b–23b in benzene overnight with one equivalent of 
manganese reagent.  Formation of 1,2-dibenzoylcyclopentadienyl 
tricarbonylrhenium (7c) could be attained under identical reaction conditions as 
1c–5c and 8c–23c in good yield (60.9%), employing [ReBr(CO)5] as the metal 
reagent.  Synthesis of the 4-nitrobenzoyl manganese complex 6c was 
accomplished in low yield by in situ formation of the potassium salt of the 4-
nitrobenzoyl fulvene 6a in THF and refluxing overnight with [MnBr(CO)5]. 
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 Refluxing the diacylcyclopentadienyl tricarbonylmanganese complexes 1c, 
4c, 5c, and 8c–10c in a suspension of P4S10, NaHCO3, and carbon disulfide 
afforded the η5-thiapentalene tricarbonylmanganese complexes, [Mn(CO)3{η5-
SC7H3-1,3-Ph2}]  (1d), [Mn(CO)3{η5-SC7H3-1,3-(4-Tol)2}]  (4d), [Mn(CO)3{η5-SC7H3-
1,3-(4-MeOPh)2}] (5d), [Mn(CO)3{η5-SC7H3-1,3-(COC8H5S)2}] (8d), [Mn(CO)3{η5-
SC7H3-1,3-(4-ClC6H4)2}] (9d), and [Mn(CO)3{η5-SC7H3-1,3-(4-BrC6H4)2}] (10d) in 
moderate yield (21.4–37.9%).  Complete transformation to the S-closed products in 
the case of phenyl 1d, 4-tolyl 4d, benzo[b]thienyl 8d, 4-chlorophenyl 9d, and 4-
bromophenyl 10d complexes required 5 equivalents of P4S10 and 5.1 equivalents 
of NaHCO3 over a 2 hour reaction time.  Complete closure to the 4-methoxyphenyl 
complex 5d required more forcing conditions, with 10 equivalents of P4S10 and 
10.1 equivalents of NaHCO3 sufficient for a 2 hour reaction time.  Workup and 
isolation of the ring-closed products 1d, 4d, 5d, and 8d–10d was straightforward, 
entailing filtration through a simple alumina plug followed by trituration with cold 
pentane.   
Attempts at ring closure of the other diacyl complexes, 2c, 3c, and 7c, 
under similar conditions failed to yield the desired S-closed products.  However, 
refluxing the 1,2-dithienoyl complexes 3c, 11c, 12c, and 15c in a suspension of 
Lawesson’s reagent (LR) and benzene overnight led to formation of the 
terthiophene complexes [Mn(CO)3{η5-SC7H3-1,3-Tp2}]  (3d), [Mn(CO)3{η5-SC7H3-
1,3-(5-ClC4H2S)2}] (11d), [Mn(CO)3{η5-SC7H3-1,3-(5-MeC4H2S)2}] (12d), and 
[Mn(CO)3{η5-SC7H3-1,3-(5-BrC4H2S)2}] (15d) in 80.3, 76.2, 69.5, and 49.5% yield 
respectively.  For the alkyl diacyl complexes, 2c, 13c, and 14c, only in the instance 
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of the t-butyl case 13c did reaction with LR yield a stable thiapentalenyl complex, 
[Mn(CO)3{η5-SC7H3-1,3-tBu2}] (13d), in good yield (72.4%).  While reaction of the 
diferrocenoyl manganese complex 21c under P4S10 conditions gave only 
decomposition, reaction of 21c with LR did afford the desired thiapentalenyl 
complex [Mn(CO)3{η5-SC7H3-1,3-Fc2}] (21d), in moderate yield (57.4%).     
Formation of the unexpected 1,3-dihydro-1,3-bis(aryl methylene)-
cyclopenta[c]thienyl complexes [Mn(CO)3{η5-SC7H3-1,3-(CHPh)2}] (16d), 
[Mn(CO)3{η5-SC7H3-1,3-(CHTp)2}] (18d), [Mn(CO)3{η5-SC7H3-1,3-(CH-4-ClC6H4)2}] 
(19d), [Mn(CO)3{η5-SC7H3-1,3-(CH-4-BrC6H4)2}] (20d), and [Mn(CO)3{η5-SC7H3-
1,3-(CH-4-MeC6H4)2}] (22d) was accomplished in moderate to good yield (29.1–
79.6%) by refluxing the corresponding diacyl complexes 16c, 18c–20c, and 22c in 
a suspension of P4S10 and NaHCO3 in CS2.  Reaction of 16c with LR afforded a 
mixture of both 16d and the quinoidal isomer of the expected thiapentalenyl 
complex, [Mn(CO)3{η5-SC7H4-1,3-(CH2Ph)(CHPh}].  Formation of the RuCp* 
analog of 19d, [RuCp*{η5-SC7H3-1,3-(CH-4-ClC6H4)2}] (19f), could be 
accomplished in good yield (78.4%) by reaction of its diacyl precursor [RuCp*{η5-
1,2-C5H3(COCH2-4-ClC6H4)2}] (19e) with LR.  The desired quinoidal S-closed 
product [Mn(CO)3{η5-SC7H3-1,3-(CHtBu)2}] (23d) could not be obtained from 23c 
employing various conditions.               
 Reaction of the 5-methyl terthiophene complex 12d with 
dimethylacetylenedicarboxylate (DMAD) afforded the desired cycloaddition 
product, [Mn(CO)3{η5-SC9H3-1,4-(5-MeTp)2-2,3-(CO2Me)2}] (12f), in moderate yield 
(47.4%).  Similar to the trials of the 1,3-dimethyl and 1,3-diphenyl thiapentalenyl 
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complexes for Blankenbuehler and Selegue74 and Snyder and Selegue75,  refluxing 
complex 12d in benzene overnight in the presence of excess DMAD led to the 
formation of a 1,4-dithienyl indenyl complex.                  
 The Suzuki cross-coupling of phenylboronic acid with the 4-bromophenyl 
complex 10d was accomplished in moderate yield (37.5%) by employing 
Pd2(DBA)3, P(t-but)3, and KF as the catalytic system.  Refluxing the reaction 
mixture in THF overnight gave the biaryl complex, [Mn(CO)3{η5-SC7H3-1,3-(C6H4-
4-Ph)2}] (10e).  Attempts to form the biphenyl complex 10e from the 4-chlorophenyl 
complex 9d under identical conditions failed, giving only starting material.  
Attempts to couple the 5-chloro and 5-bromo terthiophene complexes 11d and 15d 
with 2-thiopheneboronic acid also failed under these conditions.  However, when 
switching to phenylboronic acid as the coupling partner, partial coupling was 
observed in the case of 11d and complete coupling with 15d.  Employing identical 
reaction conditions for the formation of 10e, [Mn(CO)3{η5-SC7H3-1,3-(5-
PhC4H2S)2}] (15e) was isolated in good yield (65.7%).           
Structure. The structures of [Mn(CO)3{η5-1,2-C5H3(COPh)2}] (1c),  
[Mn(CO)3{η5-1,2-C5H3(COMe)2}] (2c), [Mn(CO)3{η5-1,2-C5H3(CO-4-MeOC6H4)2}] 
(5c), and [Mn(CO)3{η5-SC7H3-1,3-(4-ClC6H4)2}] (9d), [Mn(CO)3{η5-SC7H3-1,3-(5-
MeC4H2S)2}] (12d) [Mn(CO)3{η5-SC7H3-1,3-tBu2}] (13d), [Mn(CO)3{η5-SC7H3-1,3-
(CHPh)2}] (16d), and [Mn(CO)3{η5-SC7H3-1,3-(CH-4-BrC6H4)2}] (20d) were 
determined by X-ray crystallographic methods.  The crystals for which data were 
collected were typical of the others in the batch, which had been grown by slow 
evaporation from solvent at room temperature.  These crystals were mounted on 
  
 
99
glass fibers with Paratone N oil.  Data were collected at 90 K on a Nonius 
KappaCCD diffractometer.  The main programs used were Denzo-Smn to obtain 
cell parameters and for data reduction, Scalepack for absorption correction,97 
Shelxs-86 for structure solution, and Shelxl-97 for refinement.  Hydrogen atoms 
were placed in geometrically calculated positions.  Plots of [Mn(CO)3{η5-1,2-
C5H3(COPh)2}] (1c),  [Mn(CO)3{η5-1,2-C5H3(COMe)2}] (2c), and [Mn(CO)3{η5-1,2-
C5H3(CO-4-MeOC6H4)2}] (5c), [Mn(CO)3{η5-SC7H3-1,3-(4-ClC6H4)2}] (9d), 
[Mn(CO)3{η5-SC7H3-1,3-(5-MeC4H2S)2}] (12d), [Mn(CO)3{η5-SC7H3-1,3-tBu2}] 
(13d), [Mn(CO)3{η5-SC7H3-1,3-(CHPh)2}] (16d), and [Mn(CO)3{η5-SC7H3-1,3-(CH-
4-BrC6H4)2}] (20d)  are shown in Figures 2.3–2.10.  Crystal structure and 
refinement data for compounds 1c, 2c, 5c, 9d, 12d, 13d, 16d, and 20d can be 
found on Tables 2.1–2.3.  Bond distances and angles for 1c, 2c, 5c, 9d, 12d, 13d, 
16d, and 20d can be found in Tables 2.4–2.7.  Multiple entries for 2c and 9d are 
due to unique molecules in the asymmetric unit.  Additional crystal structure data 
for compounds 1c, 2c, 5c, 9d, 12d, 13d, 16d, and 20d can be found in Tables 
A.1.1–A.8.4.  
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Figure 2.3. Molecular structure of [Mn(CO)3{η5-1,2-C5H3(COPh)2}] (1c). 
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Figure 2.4. Molecular structure of [Mn(CO)3{η5-1,2-C5H3(COMe)2}] (2c). 
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Figure 2.5. Molecular structure of [Mn(CO)3{η5-1,2-C5H3(CO4-C6H4OMe)2}] (5c). 
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Figure 2.6.  Molecular structure of [Mn(CO)3{η5-SC7H3-1,3-(4-ClC6H4)2}] (9d). 
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Figure 2.7.  Molecular structure of [Mn(CO)3{η5-SC7H3-1,3-(5-MeC4H2S)2}] (12d). 
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Figure 2.8.  Molecular structure of [Mn(CO)3{η5-SC7H3-1,3-tBu2}] (13d). 
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Figure 2.9.  Molecular structure of [Mn(CO)3{η5-SC7H3-1,3-(CHPh)2}] (16d). 
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Figure 2.10.  Molecular structure of [Mn(CO)3{η5-SC7H3-1,3-( CH-4-BrC6H4)2}] 
(20d). 
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Table 2.1 Crystal Data and Structure Refinement for Compounds 1c, 2c, and 5c. 
 
 
 1c 2c 5c 
Formula C22H13O5Mn C12H9O5Mn C24H17O7Mn 
Formula wt (amu) 412.26 288.13 472.32 
T, K 90.0(2) 90.0(2) 90.0(2) 
Crystal system Monoclinic Monoclinic Monoclinic 
Space group P21/c P21/n P2/c 
Z 4 8 4 
a, Å 10.0820(2) 12.6910(2) 9.9830(3) 
b, Å 13.7710(2) 13.2610(2) 20.5080(6) 
c, Å 13.6130(2) 14.2880(2) 11.2270(3) 
α,(deg) 90 90 90 
β, (deg) 92.0270(7) 93.6060(7) 114.9650(14) 
γ, (deg) 90 90 90 
V, Å3 1888.84(5) 2399.84(6) 2083.76(10) 
dcalc, Mg/m3 1.450 1.596 1.506 
F(000) 840 1168 968 
Crystal size (mm3) 0.40 x 0.25 x 
0.20 
0.25 x 0.20 x 
0.13 
0.40 x 0.20 x 
0.02 
Radiation Mo Kα (λ = 
0.7107 Å) 
Mo Kα (λ = 
0.7107 Å) 
Mo Kα (λ = 
0.7107 Å) 
Monochromator Graphite Graphite Graphite 
Absorption coef µ    
(mm-1) 
0.729 1.109 0.678 
Diffractometer NONIUS 
KappaCCD 
NONIUS 
KappaCCD 
NONIUS 
KappaCCD 
2θ range (deg) 2.10 to 27.46 1.61 to 27.49 1.99 to 24.99 
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Table 2.1. continued. 
 
Limiting indices -13≤h≤13 -16 ≤h≤16 -11≤h≤11 
  -17≤k≤17 -17≤k≤17 -24≤k≤24 
 -17≤l≤17 -18≤l≤18 -13≤l≤13 
Reflections collected 8435 5506 3624 
Independent reflections 4307 (Rint = 
0.0222) 
4335 (Rint = 
0.046) 
3612  (Rint =  
0.0299) 
Absorption correction Semi-empirical 
from 
equivalents 
Semi-empirical 
from 
equivalents 
Semi-
empirical from 
equivalents 
Refinement method SHELX97 SHELX97 SHELX97 
Refinement method Full-matrix 
least-squares 
on F2 
Full-matrix 
least-squares 
on F2 
Full-matrix 
least-squares 
on F2 
Data/restraints/parameters 4307 / 0 / 253 5506 / 0 / 319 3612 / 2 / 292 
Goodness-of-fit on F2 1.051 1.055 0.933 
Final R indices [I>2σ(l)] R1 = 0.0304, 
wR2 = 0.0755 
R1 = 0.0311, 
wR2 = 0.0746 
R1 = 0.0389, 
wR2 = 0.1005 
R indices (all data) R1 = 0.0431, 
wR2 = 0.0812 
R1 = 0.0474, 
wR2 = 0.0805 
R1 = 0.0497, 
wR2 = 0.1096 
Largest diff. peak and hole 0.385 e•Å-3 
and  -0.326 
e•Å-3 
0.470 e•Å-3 
and -0.496 
e•Å-3 
0.454 e•Å-3 
and -0.373 
e•Å-3 
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Table 2.2 Crystal Data and Structure Refinement for Compounds 9d, 12d and 13d. 
 
 
 9d 12d 13d 
Formula C22H11SO3Cl2Mn C20H13S3O3Mn C18H21SO3Mn 
Formula wt 
(amu) 
481.23 452.42 372.35 
T, K 90.0(2) 90.0(2) 90.0(2) 
Crystal system Monoclinic Orthorhombic Monoclinic 
Space group P21/c Pbcn P21/n 
Z 4 8 4 
a, Å 13.24380(10) 9.3520(3) 6.5222(3) 
b, Å 23.4369(2) 22.5390(8) 14.5391(6) 
c, Å 13.18890(10) 17.6550(7) 18.5365(7) 
α,(deg) 90 90 90 
β, (deg) 109.3647 90 91.558(2) 
γ, (deg) 90 90 90 
V, Å3 3862.15(5) 3721.4(2) 1757.11(13) 
dcalc, Mg/m3 1.341 1.615 1.408 
F(000) 1584 1840 776 
Crystal size 
(mm3) 
0.18 x 0.08 x 
0.06 
0.25 x 0.15 x 
0.02 
0.15 x 0.10 x 
0.04 
Radiation Mo Kα (λ = 
0.7107 Å) 
Mo Kα (λ = 
0.7107 Å) 
Cu Kα (λ = 
1.54178 Å) 
Monochromator Graphite Graphite Graphite 
Absorption coef 
µ    (mm-1) 
0.575 1.064 7.311 
Diffractometer NONIUS 
KappaCCD 
NONIUS 
KappaCCD 
NONIUS 
KappaCCD 
2θ range (deg) 1.63 to 27.48 1.81 to 25.34 3.86 to 67.94 
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Table 2.2 continued. 
 
 
 
 
 
 
 
 
 
 
 
 
Limiting indices -17≤h≤17 -11≤h≤11 -7≤h≤7 
 -30≤k≤30 -27≤k≤27 -17≤k≤17 
 -17≤l≤17 -21≤l≤21 -22≤l≤22 
Reflections collected 17443 12734 15972 
Independent 
reflections 
8834  (Rint =  
0.0387) 
3409  (Rint =  
0.1874) 
3126   (Rint =  
0.0466) 
Absorption 
correction 
Semi-empirical 
from equivalents 
Semi-empirical 
from equivalents
Semi-empirical 
from equivalents
Refinement method SHELX97  SHELX97  SHELX97  
Refinement method Full-matrix least-
squares on F2 
Full-matrix 
least-squares 
on F2 
Full-matrix 
least-squares 
on F2 
Data/restraints/para
meters 
8834/ 0  / 523 3409/ 0  / 264 3126 / 0 / 215  
 
Goodness-of-fit on 
F2 
0.999 0.978 1.032 
Final R indices 
[I>2σ(l)] 
R1 = 0.0380, wR2 
= 0.0891 
R1 = 0.0601, 
wR2 = 0.1010 
R1 = 0.0539, 
wR2 = 0.1631 
R indices (all data) R1 = 0.0729, wR2 
= 0.1022 
R1 = 0.1580, 
wR2 = 0.1255 
R1 = 0.0564, 
wR2 = 0.1652 
Largest diff. peak 
and hole  
0.701 e•Å-3 and -
0.379 e•Å-3 
0.464 e•Å-3 and 
-0.460 e•Å-3 
0.753 e•Å-3 and 
-0.453 e•Å-3 
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Table 2.3 Crystal Data and Structure Refinement for Compound 16d and 20d. 
 
 
 16d 20d 
Empirical formula C24H15MnO3S  C24H13MnO3SBr2 
Formula wt (amu) 438.36  596.16  
T, K 90(2) 90(2) 
Crystal system Monoclinic Monoclinic 
Space group I2/a  P21/c 
a, Å 21.2275(8) 7.2020(2) 
α, (deg) 90 90 
b, Å 6.1591(3) 19.6933(6) 
β (deg) 91.7590(10) 94.205(2) 
c Å 28.6327(16) 15.2343(5) 
γ, (deg) 90  90 
Volume 3741.7(3) Å 3  2154.88(11) 
Z, Calculated density 8,  1.556 Mg/m3  4,  1.838 Mg/m3 
Absorption coefficient µ 
(mm-1) 
6.981  10.441 
F(000) 1792  1168 
Radiation Cu Kα (λ = 1.54178 Å) Cu Kα (λ = 1.54178 Å) 
Monochromator Graphite Graphite 
Crystal size 0.17 x 0.03 x 0.01 mm  0.20 x 0.10 x 0.03 mm 
2θ range (deg) 3.09 to 67.99  3.67 to 67.90 
Limiting indices -25<=h<=25 -8<=h<=8 
 -7<=k<=7 -23<=k<=23 
 -34<=l<=34  -13<=l<=17 
Reflections collected 21969 25458 
Independent Reflections 3373 (R(int) = 0.0630)  3852 (R(int) = 0.0351) 
Completeness to θ 98.6%  98.3% 
Max. and min. transmission 0.9659 and 0.3832  0.7447 and 0.2292 
Refinement method Full-matrix least-
squares on F2  
Full-matrix least-
squares on F2 
Data / restraints / 
parameters 
3373 / 0 / 263  3852 / 0 / 281 
Goodness-of-fit on F2 1.048  1.072  
Final R indices [I>2σ(I)] R1 = 0.0380, wR2 = 
0.0969  
R1 = 0.0314, wR2 = 
0.0890 
R indices (all data) R1 = 0.0473, wR2 = 
0.1030  
R1 = 0.0322, wR2 = 
0.0898  
Extinction coefficient 0.00008(4)  0.00024(7) 
Largest diff. peak and hole 0.351 and -0.478 e.Å -3 1.094 and -0.575 e.Å -3 
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Table 2.4  Bond Distances (Å) for 1c, 2c, 5c. 
 
 
 1c 2c 5c 
Mn1–C1 2.1313(16) 2.128(2), 2.1296(19)  2.153(4) 
Mn1–C2 2.1385(16) 2.1334(19), 2.1150(19) 2.140(4)  
Mn1–C3 2.1490(17) 2.150(2), 2.1388(19) 2.148(4) 
Mn1–C4 2.1472(17) 2.151(2), 2.164(2) 2.143(4)  
Mn1–C5 2.1405(17) 2.1345(19), 2.155(2) 2.168(4) 
Mn1–C8           1.808(2) 1.799(2), 1.799(2) 1.803(5) 
Mn1–C9           1.7923(19) 1.804(2), 1.804(2)   1.786(4)  
Mn1–C10 1.8010(19) 1.804(2), 1.801(2) 1.799(4) 
S1-C6 – – – 
S1-C7 – – – 
Cl1-C14 – – – 
Cl2-C20 – – – 
O1–C6 1.214(2) 1.218(3), 1.222(2) 1.219(5) 
O2–C7 1.222(2)  1.210(2), 1.214(3) 1.212(5) 
O3–C8              1.145(2) 1.149(3), 1.145(2) 1.147(5)  
O4–C9 1.148(2) 1.149(3), 1.148(3) 1.162(5) 
O5–C10 1.146(2) 1.148(3), 1.146(2)   1.153(5) 
O6–C14 – – 1.368(4) 
O6–C23 – – 1.421(5)  
O7–C20 – – 1.361(5) 
O7–C24   1.443(5)  
C1–C2 1.435(2) 1.443(3), 1.449(3) 1.438(5) 
C1–C5 1.414(2) 1.432(3), 1.426(3) 1.439(5) 
C1–C6  1.502(2) 1.477(3), 1.494(3) 1.482(6) 
C2–C3 1.428(2) 1.414(3), 1.427(3) 1.408(5) 
C2–C7 1.487(2) 1.504(3), 1.493(3) 1.500(5) 
C3–C4 1.410(2) 1.427(3), 1.417(3) 1.430(5) 
C4–C5 1.426(3) 1.410(3), 1.404(3) 1.412(6) 
C6–C11 1.492(2)  – 1.495(5)  
C7–C17 1.488(2) – 1.502(5) 
C11–C12 1.393(2) – 1.396(5) 
C11–C16 1.399(2)  – 1.386(6)  
C12–C13 1.392(2)  – 1.386(5) 
C13–C14 1.389(3) – 1.394(6) 
C14–C15 1.390(3) – 1.373(6) 
C15–C16 1.383(3) – 1.385(5) 
C17–C18 1.395(3) – 1.388(6) 
C17–C22 1.396(2) – 1.408(5) 
C18–C19 1.392(3) – 1.390(5) 
C19–C20 1.383(3) – 1.396(5) 
C20–C21 1.381(4) – 1.395(6) 
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C21–C22 1.395(3) – 1.375(6) 
C6–C25 – 1.504(3), 1.502(3)    
C7–C26 – 1.502(3), 1.497(3)  
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Table 2.5  Bond Distances (Å) for 9d, 12d, and 13d. 
     
 9d 12d 13d 
Mn1–C1 2.256(2), 2.237(2)  2.255(5) 2.284(4) 
Mn1–C2 2.243(2), 2.244(2) 2.263(5) 2.277(3) 
Mn1–C3 2.137(2), 2.136(2) 2.128(5) 2.130(4) 
Mn1–C4 2.127(2), 2.117(2) 2.112(5) 2.117(4) 
Mn1–C5 2.134(2), 2.133(2) 2.142(5) 2.138(4) 
Mn1–C8            1.811(3), 1.807(3) 1.814(6) 1.803(4) 
Mn1–C9            1.779(3), 1.782(3)   1.765(6)  1.783(4) 
Mn1–C10 1.795(3), 1.810(3) 1.807(6) 1.797(4) 
S1–C6 1.716(2), 1.720(2) 1.720(5) 1.710(3) 
S1–C7 1.713(2), 1.714(2) 1.711(5) 1.712(3) 
S2–C27 – 1.741(5) – 
S2–C30 – 1.720(5) – 
S3–C31 – 1.727(5) – 
S3–C34 – 1.717(6) – 
Cl1–C14 1.743(2), 1.746(3) – – 
Cl2–C20 1.742(2), 1.734(2) – – 
O1–C6 – – – 
O2–C7 – – – 
O3–C8              1.149(3), 1.153(3) 1.143(6) 1.144(5) 
O4–C9 1.150(3), 1.158(3) 1.164(6) 1.149(5) 
O5–C10 1.158(3), 1.151(3) 1.152(6) 1.158(5) 
O6–C14 – – – 
O6–C23 – – – 
O7–C20 – – – 
O7–C24 – – – 
C7–C26 – – – 
C1–C2 1.443(3), 1.445(3) 1.448(6) 1.452(5) 
C1–C5 1.454(3), 1.445(3) 1.448(6) 1.446(5) 
C1–C6  1.407(3), 1.408(3) 1.399(6) 1.403(5) 
C2–C3 1.451(3), 1.439(3) 1.436(6) 1.449(5) 
C2–C7 1.406(3), 1.414(3) 1.399(7) 1.397(5) 
C3–C4 1.424(3), 1.421(3) 1.422(7) 1.415(5) 
C4–C5 1.409(3), 1.408(3) 1.411(6) 1.423(6) 
C6–C11 1.455(3), 1.453(3) – – 
C6–C25 – – – 
C6–C27            – 1.441(7) – 
C6–C43 – – 1.519(5) 
C7–C17 1.452(3), 1.458(3) – – 
C7–C31 – 1.447(7) – 
C7–C44 – – 1.511(5) 
C11–C12 1.408(3), 1.407(3) – – 
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C11–C16 1.406(3), 1.396(3) – – 
C12–C13 1.385(3), 1.378(3) – – 
C13–C14 1.381(3), 1.380(4) – – 
C14–C15 1.379(3), 1.382(4) – – 
C15–C16 1.388(3), 1.382(3) – – 
C17–C18 1.407(3), 1.407(3) – – 
C17–C22 1.399(3), 1.397(3) – – 
C18–C19 1.388(3), 1.374(3) – – 
C19–C20 1.383(3), 1.384(4) – – 
C20–C21 1.383(3), 1.386(3) – – 
C21–C22 1.378(3), 1.386(3) – – 
C27–C28 – 1.367(6) – 
C28–C29 – 1.402(7) – 
C29–C30 – 1.365(7) – 
C30–C35 – 1.499(7) – 
C32–C33  – 1.385(7) – 
C31–C32 – 1.386(7) – 
C33–C34 – 1.351(7) – 
C34–C36 – 1.508(7) – 
C37–C43 – – 1.527(5) 
C38–C43 – – 1.532(5) 
C39–C43 – – 1.523(6) 
C40–C44 – – 1.534(5) 
C41–C44 – – 1.532(5) 
C42–C44 – – 1.539(5) 
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Table 2.6  Bond Distances (Å) for 16d and 20d. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 16d 20d 
Mn1–C1 2.170(2)  2.170(3) 
Mn1–C2 2.166(2)  2.157(3)  
Mn1–C3 2.151(3)  2.134(3) 
Mn1–C4 2.144(3)  2.121(3) 
Mn1–C5 2.150(3)  2.142(3) 
Mn1–C8 1.798(3)  1.798(3) 
Mn1–C9 1.792(3)  1.788(3) 
Mn1–C10 1.798(3)  1.794(3) 
S1–C6 1.774(3)  1.773(3) 
S1–C7 1.778(3)  1.780(3)  
C1–C6 1.455(4)  1.450(4) 
C2–C1 1.416(4)  1.417(4) 
C2–C3 1.431(4)  1.427(4)  
C3–C4 1.410(4)  1.423(4) 
C4–C5 1.438(4)  1.418(4) 
C5–C1 1.431(3)  1.422(4) 
C6–C11 1.342(4)  1.341(4) 
C7–C18 1.345(4)  1.342(4) 
C7–C2 1.454(3)  1.461(4) 
C11–C12 1.461(4)  1.461(4) 
C12–C17 1.400(4)  1.398(4) 
C12–C13 1.394(4)  1.400(4)  
C13–C14 1.383(4)  1.375(4)  
C14–C15 1.384(4)  1.375(5) 
C15–C16 1.386(4)  1.386(5) 
C16–C17 1.384(4)  1.387(5) 
C18–C19 1.457(3)  1.461(4)  
C19–C24 1.394(4)  1.404(4) 
C19–C20 1.399(4)  1.394(4) 
C20–C21 1.382(4)  1.385(4) 
C21–C22 1.388(4)  1.378(4) 
C22–C23 1.389(4)  1.379(4) 
C23–C24 1.375(4)  1.380(4) 
C8–O1 1.147(3)  1.145(4) 
C9–O2 1.153(3)  1.151(4) 
C10–O3 1.148(3)  1.149(4)  
C15–Br1 – 1.903(3) 
C22–Br2 – 1.900(3) 
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Table 2.7  Bond Angles [°] for 1c, 2c, and 5c. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 1c 2c  5c 
C9–Mn1–C10 91.11(8)  94.24(9), 92.92(9) 92.59(18) 
C9–Mn1–C8 91.05(9)  92.51(9), 91.55(9) 91.6(2) 
C10–Mn1–C8 93.06(9)  89.55(9), 92.10(9) 89.16(18) 
C9–Mn1–C1 140.36(7)  155.62(9), 158.35(9) 154.48(18) 
C10–Mn1–C1 128.19(7)  107.43(9), 98.38(8) 100.49(16) 
C8–Mn1–C1 91.61(7)  98.57(8), 106.34(8) 110.22(17) 
C9–Mn1–C2 102.16(7)  118.58(9), 129.78(8) 130.01(16) 
C10–Mn1–C2 157.67(8)  146.89(9), 136.97(8) 137.14(17) 
C8–Mn1–C2 104.43(8) 93.04(8), 91.79(8) 93.46(15) 
C1–Mn1–C2 39.29(6)  39.57(8), 39.92(7) 39.14(13) 
C9–Mn1–C5 152.12(8)  133.27(9), 123.96(9) 119.57(18) 
C10–Mn1–C5 94.93(8)  89.25(8), 88.02(8) 92.03(17) 
C8–Mn1–C5 115.70(8)  134.16(9), 144.46(8) 148.67(17) 
C1–Mn1–C5 38.66(6)  39.26(7), 38.87(7) 38.92(14) 
C2–Mn1–C5 65.13(6)  65.69(7), 65.34(8) 65.12(14) 
C9–Mn1–C4 113.71(8)  97.74(9), 93.49(9) 89.75(18) 
C10–Mn1–C4 93.44(8)  108.76(9), 113.59(9) 118.86(17) 
C8–Mn1–C4 154.24(8)  158.16(8), 153.49(8) 151.86(17) 
C1–Mn1–C4 65.03(6)  65.18(8), 65.08(8) 64.76(15) 
C2–Mn1–C4 64.86(6)  65.12(7), 65.26(7) 64.82(14) 
C5–Mn1–C4 38.85(7)  38.40(8), 37.94(8) 38.22(15) 
C9–Mn1–C3 89.53(7)  90.48(9), 95.84(9) 95.01(17) 
C10–Mn1–C3 124.86(8)  147.48(9), 151.05(9) 156.27(16) 
C8–Mn1–C3 142.07(8)  122.41(8), 115.12(8) 113.01(17) 
C1–Mn1–C3 65.28(6)  65.25(8), 65.80(8) 64.87(15) 
C2–Mn1–C3 38.90(6)  38.56(7), 39.21(7) 38.34(14) 
C5–Mn1–C3 64.79(7)  64.84(8), 64.27(8) 64.71(15) 
C4–Mn1–C3 38.31(7)  38.76(8), 38.45(8) 38.93(15) 
C6–S1–C7 – – – 
C2–C7–S1 – – – 
C17–C7–S1 – – – 
C1–C6–S1 – – – 
C11–C6–S1 – – – 
C21–C20–C19 120.19(19) – 120.6(4)  
C20–C21–C22 120.49(19) – 119.6(3) 
C17–C22–C21 119.60(19) – 121.1(4) 
C22–C17–C18 119.44(17) – 118.3(3) 
C22–C17–C7 119.21(17) – 119.8(3) 
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C18–C17–C7 121.12(16) – 121.9(3) 
C17–C18–C19 120.35(19) – 121.6(3) 
C20–C19–C18 119.9(2)   – 118.8(4) 
O2–C7–C2 120.03(16) 122.32(17), 120.46(19)  122.7(3) 
O2–C7–C17 121.20(15) – 122.9(3) 
C2–C7–C17 118.70(15) – 114.3(3) 
C3–C2–C1 107.49(14) 107.67(17), 107.42(17) 108.3(3) 
C3–C2–C7 128.99(15) 125.08(18), 122.86(18) 124.8(3) 
C1–C2–C7 123.49(15) 126.84(18), 129.57(18)  126.1(3) 
C3–C2–Mn1 70.95(9)  71.36(11), 71.30(11) 71.1(2) 
C1–C2–Mn1 70.09(9)  70.02(11), 70.58(11) 70.9(2) 
C7–C2–Mn1 122.64(11) 129.73(13), 126.83(14) 131.3(2) 
C4–C3–C2 108.21(15) 108.50(18), 108.43(18) 108.0(3) 
C4–C3–Mn1 70.78(10)  70.67(11), 69.83(11) 70.4(2) 
C2–C3–Mn1 70.15(9)  70.09(11), 69.49(11) 70.5(2) 
C3–C4–C5 108.29(15) 108.13(18), 108.14(18) 108.8(3) 
C3–C4–Mn1 70.92(10)  70.57(11), 71.72(11) 70.7(2) 
C5–C4–Mn1 70.32(10)  70.15(11), 71.37(12) 69.9(2) 
C1–C5–C4 108.14(15) 108.42(18), 106.62(17) 107.6(3) 
C1–C5–Mn1 70.31(9)  70.13(11), 71.52(11) 71.1(2) 
C4–C5–Mn1 70.83(10)  71.45(11), 71.37(12) 71.8(2) 
C5–C1–C2 107.86(14) 107.27(18), 106.62(17) 107.4(3) 
C5–C1–C6 124.14(15) 129.22(19), 119.07(17) 128.9(3) 
C2–C1–C6 127.70(15) 123.38(18), 134.12(18) 123.6(3) 
C5–C1–Mn1 71.02(9)  70.61(11), 69.61(11) 71.1(2)  
C2–C1–Mn1 70.63(9)  70.41(11), 69.50(11) 70.0(2) 
C6–C1–Mn1 128.78(12) 121.01(13), 120.01(13) 127.6(3) 
O1–C6–C11 121.29(16) – 121.0(3) 
O1–C6–C1 121.21(15) 119.91(18), 117.40(18) 121.0(3) 
C11–C6–C1 117.40(14) – 117.8(3) 
C12–C11–C16 119.56(15) – 118.8(3) 
C12–C11–C6 121.99(15) – 119.1(3) 
C16–C11–C6 118.40(15) – 121.8(3) 
C15–C16–C11 120.12(17) – 121.7(4) 
C12–C13–C14 120.26(17) – 119.7(4)  
C16–C15–C14 120.34(16) – 118.8(4) 
C13–C14–C15 119.77(16) – 120.9(3) 
C11–C12–C13 119.93(16) – 120.0(4) 
O3–C8–Mn1 178.6(2)  177.4(2), 178.54(18) 177.6(4) 
O5–C10–Mn1 177.24(19) 176.46(19), 176.46(19) 179.2(4)  
O4–C9–Mn1 178.50(17) 177.7(2), 179.3(2) 176.8(4) 
C2–C7–C26 – 114.35(16), 117.40(18) – 
O2–C7–C26 – 123.11(18), 122.12(19) – 
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C1–C6–C25 – 117.73(19), 122.38(17) – 
O1–C6–C25 – 122.4(2), 120.17(18) – 
C20–O7–C24 – – 118.7(3) 
C14–O6–C23 – – 117.6(3) 
O7–C20–C19 – – 114.3(4) 
O7–C20–C21     – – 125.1(3) 
O6–C14–C13 – – 115.4(3) 
O6–C14–C15 – – 123.7(4) 
C21-C20-Cl2 – – – 
C19-C20-Cl2 – – – 
C15-C14-Cl1 – – – 
C13-C14-Cl1 – – – 
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Table 2.8.  Bond Angles [°] for 9d, 12d, and 13d.   
 9d 12d 13d 
C9–Mn1–C10 90.72(12), 91.28(12) 92.7(2) 91.13(18) 
C9–Mn1–C8 91.06(11), 91.60(12) 90.5(2) 89.11(17) 
C10–Mn1–C8 95.54(11), 96.47(11) 95.4(2) 91.45(16) 
C9–Mn1–C1 152.78(10), 141.71(11) 149.6(2) 141.37(16) 
C10–Mn1–C1 97.09(10), 90.38(10) 94.0(2) 93.15(15) 
C8–Mn1–C1 113.93(10), 126.17(10) 118.2(2) 129.07(14) 
C9–Mn1–C2 139.51(11), 149.76(10) 141.6(2) 150.45(16) 
C10–Mn1–C2 129.48(10), 117.15(10) 125.1(2) 117.19(15) 
C8–Mn1–C2 89.66(9), 94.96(10) 92.1(2) 97.90(14) 
C1–Mn1–C2 37.42(8), 37.61(8) 37.39(16) 37.13(12) 
C9–Mn1–C5 115.12(10), 103.55(11) 111.6(2) 103.76(17) 
C10–Mn1–C5 94.05(10), 98.10(10) 94.2(2) 102.42(16) 
C8–Mn1–C5 151.97(10), 158.66(10) 155.4(2) 160.72(15) 
C1–Mn1–C5 38.55(8), 38.51(9) 38.35(17) 37.99(13) 
C2–Mn1–C5 64.16(9), 64.46(9) 64.01(18) 63.91(13) 
C9–Mn1–C4 90.92(11), 89.26(11) 89.2(2) 90.01(16) 
C10–Mn1–C4 125.99(10), 134.94(11) 128.0(2) 139.99(16) 
C8–Mn1–C4 138.38(10), 128.55(10) 136.6(2) 128.55(15) 
C1–Mn1–C4 63.45(9), 63.57(9) 63.57(19) 63.09(14)  
C2–Mn1–C4 63.32(9), 63.76(9) 63.54(19) 63.21(13) 
C5–Mn1–C4 38.63(9), 38.69(9) 38.73(17) 39.06(15) 
C9–Mn1–C3 102.16(11), 111.50(11) 103.9(2) 112.71(16) 
C10–Mn1–C3 159.31(11), 154.29(10) 157.5(2) 155.08(16) 
C8–Mn1–C3 100.28(10), 94.70(10) 99.5(2) 95.91(15) 
C1–Mn1–C3 64.31(9), 64.45(9) 64.00(19) 63.87(13) 
C2–Mn1–C3 38.27(9), 38.58(8) 38.02(16)  
 
38.21(13)  
C5–Mn1–C3 65.90(9), 65.93(9) 65.70(19) 66.03(14) 
C4–Mn1–C3 39.01(9), 39.03(9) 39.19(17) 38.94(14) 
C6–S1–C7 96.29(12), 96.40(12) 95.6(3) 97.32(17) 
C2–C7–S1 108.44(18), 108.80(17) 109.5(4) 107.9(3) 
C17–C7–S1 121.19(18), 121.73(18)  
 
– 
 
– 
 
C1–C6–S1 108.56(17), 108.46(18) 108.8(4) 107.8(3) 
C11–C6–S1 120.19(18), 121.06(18) – – 
C1–C6–C43 – – 129.8(3) 
C30–S2–C27 – 92.4(3) – 
C21–C20–C19 121.0(2), 121.5(2) – – 
C20–C21–C22 119.6(2), 119.1(2) – – 
C17–C22–C21 120.7(2), 121.1(2) – – 
C22–C17–C18 118.3(2), 118.4(2) – – 
C22–C17–C7 120.9(2), 119.8(2) – – 
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O2–C7–C17 – – – 
C2–C7–C17 130.3(2), 129.5(2) – – 
C3–C2–C1 108.6(2), 107.4(2)  
 
107.5(5)  107.4(3) 
C3–C2–C7 138.7(2), 139.0(2) 139.9(5) 138.9(3) 
C1–C2–C7 112.8(2), 113.6(2) 112.6(5) 113.7(3) 
C3–C2–Mn1 66.88(13), 66.68(13)  
 
65.9(3) 
 
65.40(19) 
 
C1–C2–Mn1 71.77(13), 70.93(13) 71.0(3) 71.68(18) 
C7–C2–Mn1 127.40(16), 
128.39(16) 
129.0(4) 128.4(2) 
C4–C3–C2 106.8(2), 106.6(2) 107.6(5) 107.3(3) 
C4–C3–Mn1 69.76(14), 70.11(14) 69.8(3) 70.0(2) 
C2–C3–Mn1 74.73(14), 74.85(14) 76.1(3) 76.4(2) 
C3–C4–C5 110.2(2), 110.4(2) 109.7(5) 110.1(3) 
C3–C4–Mn1 70.88(14), 71.22(14) 71.0(3) 71.1(2) 
C5–C4–Mn1 70.41(14), 70.02(14) 71.8(3)  
 
71.3(2)  
C1–C5–C4 107.4(2), 107.2(2) 107.3(5) 107.0(3) 
C1–C5–Mn1 75.25(14), 74.63(13) 75.0(3) 76.5(2) 
C4–C5–Mn1 70.96(14), 71.29(14) 69.5(3) 69.7(2) 
C5–C1–C2 106.9(2), 107.9(2) 107.6(4) 107.7(3) 
C5–C1–C6 139.5(2), 139.0(2) 139.0(5) 138.9(3) 
C2–C1–C6 113.6(2), 113.1(2) 113.4(5) 113.4(3) 
C5–C1–Mn1 66.20(13), 66.85(13) 66.6(3) 65.5(2) 
C2–C1–Mn1 70.81(13), 71.45(13) 71.6(3) 71.19(19) 
C6–C1–Mn1 128.89(17), 
127.52(16) 
127.6(4) 128.8(2) 
O1–C6–C11 – – – 
O1–C6–C1 – – – 
C11–C6–C1 131.3(2), 130.4(2) – – 
C12–C11–C16 118.0(2), 118.0(2) – – 
C12–C11–C6 121.2(2), 121.7(2) – – 
C16–C11–C6 120.8(2), 120.3(2)  
 
– – 
C15–C16–C11 118.0(2), 121.1(2) – – 
C12–C13–C14 119.5(2), 119.5(3) – – 
C16–C15–C14 119.2(2), 119.3(2) – – 
C13–C14–C15 121.3(2), 121.2(2) – – 
C11–C12–C13 120.7(2), 120.9(2) – – 
O3–C8–Mn1 178.3(2), 177.2(2) 179.5(5) 176.8(3) 
O5–C10–Mn1 176.5(2) , 178.1(2) 178.0(5) 177.0(3) 
O4–C9–Mn1 177.6(2), 178.7(2) 177.4(5) 178.8(4) 
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C21–C20–Cl2 119.77(19), 118.7(2) – – 
C19–C20–Cl2 119.19(19), 119.87(19) – – 
C15–C14–Cl1 119.3(2), 119.8(2) – – 
C33–C32–C31 – 113.5(5) 113.5(5) 
C28–C27–C6 – 129.6(5) 129.6(5) 
C28–C27–S2 – 110.3(4) 110.3(4) 
C28–C27–S2 – 110.3(4) 110.3(4) 
C6–C27–S2 – 120.1(4) 120.1(4) 
C1–C6–C27 – 131.2(5) 131.2(5) 
C27–C6–S1 – 120.0(4) 120.0(4) 
C32–C31–C7 – 129.6(5) 129.6(5) 
C32–C31–S3 – 109.3(4) 109.3(4) 
C7–C31–S3 – 121.1(4) 121.1(4) 
C34–C33–C32 – 113.9(5) 113.9(5) 
C29–C30–C35 – 128.7(5) 128.7(5) 
C29–C30–S2 – 110.0(4) 110.0(4) 
C35–C30–S2 – 121.1(4) 121.1(4) 
C27–C28–C29 – 112.8(5) 112.8(5) 
C31–C7–S1 – 121.2(4) 121.2(4) 
C30–C29–C28 – 114.5(5) 114.5(5) 
C33–C34–C36 – 128.4(5) 128.4(5) 
C33–C34–S3 – 110.9(4) 110.9(4) 
C36–C34–S3 – 120.7(4) 120.7(4) 
C2–C7–C31 – 129.2(5) 129.2(5) 
C18–C17–C7 120.8(2), 121.8(2) – – 
C13–C14–Cl1 119.4(2), 119.0(2) – – 
C2–C7–C44 – – 129.9(3) 
C44–C7–S1 – – 122.1(3) 
C43–C6–S1 – – 122.1(3) 
C6–C43–C39 – – 110.4(3) 
C6–C43–C37 – – 110.3(3) 
C39–C43–C37 – – 108.2(3) 
C6–C43–C38 – – 108.9(3) 
C39–C43–C38 – – 109.6(3) 
C37–C43–C38 – – 109.5(3) 
C7–C44–C41 – – 111.4(3) 
C7–C44–C40 – – 109.4(3) 
C41–C44–C40 – – 108.6(3) 
C7–C44–C42 – – 109.1(3) 
C41–C44–C42 – – 108.8(3) 
C40–C44–C42 – – 109.5(3) 
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Table 2.9.  Bond Angles [°] for 16d and 20d. 
 
 
 16d 20d 
C10–Mn1–C9 92.69(12)  95.31(14) 
C10–Mn1–C8 91.06(12)  94.76(14)  
C9–Mn1–C8 90.26(12)  91.02(13)  
C10–Mn1–C4 154.49(11)  133.10(13) 
C9–Mn1–C4 95.01(11)  87.28(12) 
C8–Mn1–C4 115.23(11)  132.08(13) 
C10–Mn1–C5 114.29(11)  96.83(13) 
C9–Mn1–C5 92.27(11)  106.19(13) 
C8–Mn1–C5 154.35(11)  158.19(12) 
C4–Mn1–C5 39.12(10)  38.85(12) 
C10–Mn1–C3 138.61(11)  155.37(13) 
C9–Mn1–C3 128.37(11)  106.09(12) 
C8–Mn1–C3 93.41(11)  96.85(12) 
C4–Mn1–C3 38.34(11)  39.07(11) 
C5–Mn1–C3 65.33(10)  65.92(11) 
C10–Mn1–C1 89.95(11)  90.57(13)  
C9–Mn1–C1 124.22(11)  144.70(13)  
C8–Mn1–C1 145.42(11)  123.19(12) 
C4–Mn1–C1 64.00(10)  64.10(11) 
C5–Mn1–C1 38.32(10)  38.52(11) 
C3–Mn1–C1 64.70(10)  64.92(11) 
C10–Mn1–C2 101.30(11)  118.91(13) 
C9–Mn1–C2 156.39(11)  144.93(12)  
C8–Mn1–C2 108.20(11)  93.36(12) 
C4–Mn1–C2 64.15(10)  64.37(11) 
C5–Mn1–C2 64.70(10)  64.85(11) 
C3–Mn1–C2 38.72(9)  38.84(11) 
C1–Mn1–C2 38.11(10)  38.23(11) 
C7–S1–C6 95.46(12)  94.96(14) 
C18–C7–C2 125.2(2)  125.7(3) 
C18–C7–S1 127.3(2)  126.7(2) 
C2–C7–S1 107.39(18)  107.6(2) 
C1–C2–C3 107.9(2)  108.7(2) 
C1–C2–C7 114.8(2)  114.5(2) 
C3–C2–C7 136.9(2)  136.6(3) 
C1–C2–Mn1 71.08(14)  71.39(16) 
C3–C2–Mn1 70.06(14)  69.71(15) 
C7–C2–Mn1 129.22(18)  128.4(2) 
C2–C3–C4 107.3(2)  106.2(3) 
C2–C3–Mn1 71.60(15)  71.44(15) 
C4–C3–Mn1 70.56(15)  69.98(16) 
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C5–C4–C3 109.2(2)  109.9(3) 
C5–C4–Mn1 70.66(15)  71.35(16) 
C3–C4–Mn1 71.10(15)  70.95(16) 
C4–C5–C1 106.4(2)  106.6(3) 
C4–C5–Mn1 70.60(15)  69.80(16) 
C1–C5–Mn1 70.22(15)  71.82(16) 
C2–C1–C5 109.2(2)  108.5(3) 
C2–C1–C6 114.4(2)  114.2(2) 
C5–C1–C6 136.9(2)  136.8(3) 
C2–C1–Mn1 70.81(14)  70.38(16) 
C5–C1–Mn1 70.08(14)  69.66(16) 
C6–C1–Mn1 127.47(18)  130.7(2) 
C11–C6–C1 124.1(2)  125.0(3) 
C11–C6–S1 128.1(2)  126.0(2) 
C1–C6–S1 107.71(18)  108.3(2) 
C7–C18–C19 131.5(2)  129.6(3) 
C24–C19–C20 117.8(2)  117.8(3) 
C24–C19–C18 117.8(2)  118.3(3) 
C20–C19–C18 124.4(2)  123.9(3) 
C21–C20–C19 121.0(2)  121.5(3) 
C20–C21–C22 120.4(3)  118.9(3) 
C23–C22–C21 119.1(2)  121.5(3) 
C22–C23–C24 120.4(3)  119.2(3) 
C23–C24–C19 121.2(3)  121.1(3) 
C6–C11–C12 131.1(2)  129.1(3) 
C17–C12–C13 117.8(2)  117.7(3) 
C17–C12–C11 124.8(2)  123.9(3) 
C13–C12–C11 117.4(2)  118.4(3) 
C14–C13–C12 121.4(3)  121.6(3) 
C13–C14–C15 120.1(3)  119.2(3) 
C16–C15–C14 119.3(2)  121.5(3) 
C17–C16–C15 120.6(2)  118.6(3) 
C16–C17–C12 120.7(2)  121.4(3) 
O3–C10–Mn1 178.2(2)  176.4(3) 
O2–C9–Mn1 178.1(3)  175.5(3) 
O1–C8–Mn1 178.1(2)  177.7(3) 
C14–C15–Br1 – 119.5(2) 
C16–C15–Br1 – 119.0(2) 
C23–C22–Br2 – 119.4(2) 
C21–C22–Br2 – 119.1(2) 
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Discussion 
 
 Synthesis of Thiapentalenyl Complexes.  Synthesis of various 
diacylcyclopentadienyl complexes employing thallium as the transmetallation 
reagent was previously reported by Wallace and Selegue (Scheme 2.5).76  
Formation of the fulvenes was accomplished by a modified procedure of Linn and 
Sharkey96 employing a suspension of cyclopentadinide lithium in ethyl ether and 
the corresponding acid chloride in a 3:2 ratio.  Isolation of the various fulvenes 
could be accomplished in moderate yield (13–58%) by recrystallization of the crude 
reaction mixture in methanol.  Reaction of the fulvenes with one equivalent of 
TlOEt in tetrahydrofuran afforded the thallium salts, in high yield (79–100%).  
These thallium salts are convenient cyclopentadienyl reagents due to their relative 
air stability and ease of purification compared to the corresponding alkali metal 
salts.  Reasonably pure samples of the thallium salts can be obtained by washing 
the crude reaction mixture with cold ethyl ether and filtering.   Thallium Cp salts are 
useful as metallocene precursors.98  Wallace and Selegue found that 
transmetallation to form the [Ru(Cp*)] complexes could be accomplished by 
reaction of 1 equivalent of [Ru(Cp*)(µ3-Cl)]4 with 4 equivalents of the thallium 
reagent in THF in high yield (72–83%).76  However, under various conditions, they 
were not able to observe the formation of a Cp*Ru thiapentalenyl complex.   
We decided to employ the benzoyl (1a), acetyl (2a), thienoyl (3a), pivaloyl 
(13a) fulvenes from Wallace and Selegue, the 5-methylthienoyl fulvene (27a) from  
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Scheme 2.5. Wallace and Selegue synthesis of diacylcyclopenta[c]dienyl 
ruthenium complexes. 76    
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Snyder and Selegue, and the t-butylacetyl fulvene (23a) from Swisher and Selegue 
as well as expand the series with the inclusion of 4-toluoyl (4a), 4-methoxybenzoyl 
(5a), 4-nitrobenzoyl (6a), benzo[b]thienoyl (8a), 4-chlorobenzoyl (9a), 4-
bromobenzoyl (10a), 5-chlorothienoyl (11a), isopropyl (14a), 5-bromothienoyl 
(15a), phenylacetyl (16a), diphenylacetyl (17a), thienylacetyl (18a), 4-
chlorophenylacetyl (19a), 4-bromophenylacetyl (20a), ferrocenoyl (21a), and 
tolylacetyl (22a) fulvenes. Formation of 4a–6a, 8a–11a, and 14a–22a could be 
accomplished under similar conditions as employed by Wallace and Selegue in 
moderate to good yield (35.6–95.3%).  Purification of the 4-toluoyl 4a, 4-
methoxybenzoyl 5a, 4-chlorobenzoyl 9a, and 4-bromobenzoyl 10a fulvenes could 
be accomplished by trituration in cold methanol and filtration.  Similarly, the 5-
chlorothienoyl 11a and 5-bromothienoyl 15a fulvenes could be obtained in 
analytical purity by trituration in cold pentane.  However, due to the decreased 
solubility of the 4-nitrobenzoyl fulvene 6a in ethyl ether, isolation involved filtration 
of the orange precipitate from the crude reaction mixture followed by silica 
chromatography employing methylene chloride as eluent.  Likewise, low solubility 
of the benzo[b]thienoyl fulvene 8a required isolation of the precipitate from the 
reaction, dissolving the crude product in methylene chloride, and filtering.  
Analytical purity of several fulvenes, such as the isopropyl fulvene 14a, could not 
be obtained or was not attempted.  Impurities were likely alphatic byproducts that 
did not affect the reactivity of these fulvenes.    
  Reaction of the fulvenes 1a–5a and 8a–23a with TlOEt in THF afforded the 
corresponding thallium salts 1b–5b and 8b–23b.  Synthesis and isolation of the 
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new thallium compounds, the 4-toluoyl (4b), 4-methoxybenzoyl (5b), 
benzo[b]thienoyl (8b), 4-chlorobenzoyl (9b), 4-bromobenzoyl (10b), 5-
chlorothienoyl (11b), isopropyl (14b), 5-bromothienoyl (15b), phenylacetyl (16b) 
diphenylacetyl (17b), thienylacetyl (18b), 4-chlorophenylacetyl (19b), 4-
bromophenylacetyl (20b), ferrocenoyl (21b), and tolylacetyl (22b) generally 
followed from Wallace and Selegue.76  Upon addition of the thallium reagent, the 
thallium salts 4b, 5b, 8b–11b, and 14b–22b precipitate from solution.  Purification 
by washing the isolated thallium salts with cold ethyl ether was sufficient. In some 
cases, such as the 4-chlorophenylacetyl salt 19b, its high solubility in THF led to 
little precipitation observed.  In those cases, the THF was removed and the crude 
product was washed with ethyl ether and filtered to isolate the salt.  Analytical 
purity was obtained for the 4-toluoyl 4b, 4-bromobenzoyl 10b, and 5-bromothienoyl 
(15b) thallium salts but not for the 4-methoxybenzoyl 5b, benzo[b]thienoyl 8b, 4-
chlorobenzoyl 9b, and thallium 5-chlorothienoyl 11b salts.  Signifcant deviations 
from the calculated percent composition for 5b, 8b, 9b, and 11b and other thallium 
salts could be due to a 1H and 13C NMR-silent thallium byproduct.  Regardless of 
analysis results, the presence of impurities did not appear to affect the reactivity of 
the thallium salts.  Although yield for 4b, 5b, 8b–11b, and 14b–22b (47.3–85.7%) 
were lower than reported by Wallace and Selegue for 1b–3b (at times 
quantitative), yields were sufficient and optimization was not attempted.   
In the case of the 4-nitrobenzoyl fulvene (6a), addition of TlOEt did not yield 
any precipitate.  There was no indication by 1H NMR that the desired thallium salt 
6b had formed under these conditions; only starting material and thallium 
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byproducts remained.  We theorize that the inability to form the thallium salt of 6a 
is due to the electronic nature of the 4-nitro group.  Due to the R group on this 
particular fulvene having a strongly electron-withdrawing substituent, the fulvene 
6a should be more strongly ionized, with a significant hyperconjugative form of the 
solvated proton-enolate anion in solution.  Other cyclopentadienylthallium 
compounds tend to be more covalent and precipitate from solution as oligomers.  
This drives the equilibrium of the reaction to the right, favoring the thallium 
products.  Thus, we reasoned that it was not the acidity of the 4-nitrobenzoyl 
fulvene 6a that caused the thallium reaction to fail but that the fulvene could be 
significantly more ionic in nature and does not form the covalent, insoluble 
oligomers.   
 Reactions of the thallium salts 1b–5b and 8b–23b with one equivalent of 
[Mn(CO)5Br] gave the corresponding diacylcyclopentadienyl tricarbonylmanganese 
complexes 1c–5c and 8c–23c in high yield (45.7–93.2%).  Analytically pure 
samples of the complexes 1c–5c and 8c–23c were generally obtained by either 
trituration with cold pentane, recrystallization, or precipitation of the crude product.  
Occasionally, chromatography was employed.  The major impurity present tended 
to be the corresponding fulvene, with its relative abundance dependent upon the R 
group employed.  For instance, in the case of the 4-methoxybenzoyl 
cylopentadienyl complex 5c, 1H NMR of the crude mixture revealed the fulvene to 
diacyl complex ratio to be approximately 1:4.  Trituration with various solvent 
systems failed to purify the mixture.  Precipitation from ethyl ether by slow addition 
of hexanes finally afforded 5c in moderate yield (54.7%) and high purity.   
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 In the case of the 4-nitrobenzoyl cyclopentadienyl complex 6c, synthesis in 
low yield was obtained by in situ formation of the potasium salt of the 4-
nitrobenzoyl fulvene 6a employing potassium tert-butoxide followed by refluxing 
with [MnBr(CO)5].  Analysis of the crude reaction mixture by IR and 1H NMR did 
indicate that the desired diacyl had formed 6c, although in low yield.  The majority 
of the product was either recovered fulvene 6a or a deep red, insoluble powder, 
which did not display the stretches characteristic of a tricarbonyl complex (2 or 3 
peaks, between 2050 and 1920 cm-1).  This sideproduct may be an O-bonded 
coordination complex rather than the desired η5-organometallic 6c.  Although this 
route was not optimized, the low yield and large presence of undesirable side 
products led us to abandon this particular synthetic pathway.   
 Reactions of the diacyl complexes 1c, 4c, 5c, and 8c–10c in a suspension 
of P4S10 and NaHCO3 in CS2 under reflux afforded the corresponding 
thiapentalenyl complexes, [Mn(CO)3{η5-SC7H3-1,3-Ph2}] (1d), [Mn(CO)3{η5-SC7H3-
1,3-(4-Tol)2}] (4d), [Mn(CO)3{η5-SC7H3-1,3-(4-C6H4OMe)2}] (5d), [Mn(CO)3{η5-
SC7H3-1,3-(COC8H5S)2}] (8d), [Mn(CO)3{η5-SC7H3-1,3-(4-ClC6H4)2}] (9d), and 
[Mn(CO)3{η5-SC7H3-1,3-(4-BrC6H4)2}] (10d) in moderate yield  (21.4–37.9%).  
Complete conversion to the S-closed product from the diacyl precursors was 
accomplished by employing a two-hour reaction time.  In the case of the 4-
methoxybenzoyl complex 5d, ring closure was sluggish under the conditions 
employed by Kursanov and coworkers.89  Therefore, the ratios of P4S10 and 
NaHCO3 to diacyl starting material were increased from 5 and 5.1 equivalents 
respectively to 10 and 10.1.  This allowed for complete product formation within 
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two h.  Isolation of the thiapentalenyl complexes 1d, 4d, 5d, and 8d–10d was 
accomplished from the crude reaction mixture by alumina chromatography 
followed by trituration with cold pentane.    
 Under these conditions, formation of the desired S-closed complex for the 
thienoyl and ferrocenoyl cases, 3c, 11c, 12c, 15c, and 21c was not observed.  We 
attribute this to increased reactivity of the thiapentalenyl complexes while 
employing a relatively harsh thiating reagent (P4S10).  When Lawesson’s reagent 
(LR) was employed as the thiating reagent, formation of the desired thiapentalenyl 
complexes, [Mn(CO)3{η5-SC7H3-1,3-Tp2}]  (3d), [Mn(CO)3{η5-SC7H3-1,3-(5-
ClC4H2S)2}] (11d), [Mn(CO)3{η5-SC7H3-1,3-(5-MeC4H2S)2}] (12d), [Mn(CO)3{η5-
SC7H3-1,3-(5-BrC4H2S)2}] (15d), [Mn(CO)3{η5-SC7H3-1,3-Fc2}] (21d) did occur.  
Refluxing the corresponding 1,2-dithienoyl complexes 3c, 11c, 12c, and 15c in a 
suspension of LR in benzene afforded the terthiophene complexes 3d, 11d, 12d, 
and 15d in 80.3, 76.2, 69.5, and 49.5% yield respectively.  Likewise, the 1,3-
diferrocenyl thiapentalenyl complex 21d was isolated in moderate yield (57.4%).  
Under these conditions, we were able to observe and isolate a stable, S-closed 
product from the pivaloyl complex 13c.  Refluxing 13c in a suspension of LR in 
benzene afforded [Mn(CO)3{η5-SC7H3-1,3-tBu2}] (13d) in good yield (72.4%).  In 
contrast, reaction of the acetyl and isopropyl complexes 2c and 14c under 
indentical conditions led to decomposition of the starting material.  We attribute this 
instability to the presence hydrogens at the α-carbon to the carbonyl carbon. 
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Scheme 2.6.  Proposed mechanism of S-closure to form thiapentalenyl 
complexes. 
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It it likely that either the LR or some byproduct can attack or substitute at this α 
position.  In the case of the pivaloyl complex 13c, the the tertiary α-carbon is not 
susceptible to this transformation.  Equally plausible is that the formation of an 
unstable 1,3-dimethylene-1,3-dihydrothiapentalenyl complex occurs for cases 2c 
and 14c and that these products are unstable under these reaction conditions.                   
 Ring closure of the diacyl complexes 1d, 3d-5d, 8d–13d, 15d and 21d may 
occur through a dithione intermediate (Scheme 2.6).  Electrophilic attack on the 
thione carbon by an adjacent sulfur gives a zwitterionic thione/sulfide.  Loss of 
elemental sulfur leads to the thiapentalene complexes.  This is consistent with 
previously proposed mechanisms for S-closure in off-metal, non-classical 
thiophenes.87        
 Attempts to perform ring closure under P4S10 conditions with the diacetyl 
complex 2c failed.  For the diacetylcyclopentadienyl tricarbonylmanganese 
fragment 2c, reaction with P4S10 led to a deep purple product, which immediately 
decomposed upon exposure to air.  There was no indication of the presence of 
starting material in the reaction mixture by IR or 1H NMR.  We speculate that for 
2c, attempts to thiate with P4S10 led to the formation of an unstable dithione 
(Scheme 2.6).  This dithione may have then failed to undergo ring closure. An 
alternative explaination for our failure to observe S-closure for the case of 2c could 
be that desired thiapentalene (or a 1,3-dimethylene-1,3-dihydrothiapentalene) 
complex does form but that it is not stable under the reaction conditions.   
 Reaction of the diacyl complex [Mn(CO)3{η5-1,2-C5H3(COCHPh2)2}] (16c) 
under similar P4S10 conditions did not afford the expected thiapentalenyl complex 
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[Mn(CO)3{η5-SC7H3-1,3-(CH2Ph)2}], but the 1,3-dihydro-1,3-bis(benzylidene)-
cyclopenta[c]thienyl product, [Mn(CO)3{η5-SC7H3-1,3-(PhCH)2}] (16d) in good yield 
(79.6%).  Analysis of the product via 1H NMR indicated the presence of a singlet, 
integrating to 2H around 7.23 ppm.  This signal was too strongly downfield and of 
low intensity to be a methylene signal.  Both the 1H and 13C NMR indicated a 
mirror-symmetric product, with the distinct loss of the acyl carbonyl groups.  The 
product was analyzed by MS, which indicated that the formula weight was 2 amu 
less than expected (M+ = 438 instead of 440).  Therefore, the product was 
concluded to be a “quinoidal” thiapentalenyl complex 16d, with vinylic bonds 
between the 1 and 3 position substituents and the thiophene ring (Scheme 2.7).  
This quinoidal structure was confirmed by X-ray crystallographic analysis of 16d.  
Similar results were obtained by the reaction of the diacyl complexes 18c–20c with 
P4S10.  The 1,3-dihydro-1,3-bis(aryl methylene)-cyclopenta[c]thienyl complexes 
[Mn(CO)3{η5-SC7H3-1,3-(CHTp)2}] (18d), [Mn(CO)3{η5-SC7H3-1,3-( CH-4-ClC6H4)2}] 
(19d), [Mn(CO)3{η5-SC7H3-1,3-(CH-4-BrC6H4)2}] (20d), and [Mn(CO)3{η5-SC7H3-
1,3-(CH-4-MeC6H4)2}] (22d) could be isolated in moderate yield (29.1–69.6%) 
under identical conditions employed in the case of 16d.  Under both LR and P4S10 
conditions, the desired S-closed product [Mn(CO)3{η5-SC7H3-1,3-(4-tBuCH)2}] 
(23d) was not obtained from 23c.  This is presumably due to both the steric bulk of 
the neopentyl substituent and the absence of highly conjugated and therefore 
highly favorable aryl methylene substituents.            
 Employing LR as the thiating reagent, the reaction of 16c afforded two  
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Scheme 2.7.   Proposed ring closure employing [Mn(CO)3{η5-1,2-
C5H3(COPhCH2)2}] (16c)   
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products, 16d and the quinoidal isomer of the desired thiapentalenyl complex, 
[Mn(CO)3{η5-SC7H4-1,3-(CH2Ph)(CHPh}] (Scheme 2.7).  The presence of both 
products was confirmed by 1H NMR and MS.  While the 1H NMR spectra was 
complicated, the high degree of activity, specifically in the 3 to 4.5 ppm range, is 
likely attributed to the presence of potentially four isomers (one chiral center and 
one E or Z isomer) for  [Mn(CO)3{η5-SC7H4-1,3-(CH2Ph)(CHPh}]. Clearly evident in 
the 1H NMR spectrum for the LR case were the vinylic and Cp resonances 
associated with 16d.  The remaining activity in the Cp region was attributed to a 
mixture of isomers for an asymmetric product.  In addition, the MS indicated two 
products with similar fragmentation patterns and differing in formula weight by 2 
amu (M+ = 438 and 440).  Therefore, we concluded that the employing LR gave 
two products, neither of which was the thiapentalenyl complex.                
 Scheme 2.7 indicates that the proposed formation of complex 16d and the 
quinoidal isomer of the desired thiapentalenyl complex occur through a dithione 
intermediate followed by nucleophilic attack at the thione carbon by a sulfur atom.  
Then, either H2S is lost to give 16d or elemental sulfur is lost to give the 
thiapentalenyl complex, which then isomerizes via a hydride shift to give the 
quinoidal form.  Given the conditions for the formation of the two products, it is 
likely that 16d is the kinetic product, isolated while employing a more aggressive 
thiating reagent (P4S10) at lower temperature (CS2 reflux). Using this same line of 
reasoning, the quinoidal isomer of the thiapentalenyl complex is the 
thermodynamic product, as it formed while employing higher temperatures 
(benzene reflux) with a milder thiating reagent (LR).    
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 Given that the 1,2-diarylacetylcyclopenta[c]dienyl complexes (16c and 18c–
20c) gave distinctly different products than other cases, we thought it worthwhile to 
investigate the feasibility of S-closure on the RuCp* substrate.  Formation of the 
Ru analog to the Mn(CO)3 complex 19c, [RuCp*{η5-1,2-C5H3(CO CH2-4-ClC6H4)2}] 
was accomplished according to the procedures used by Wallace and Selegue.75 
The desired quinoidal thiapentalenyl complex [RuCp*{η5-SC7H3-1,3-(CH-4-
ClC6H4)2}] (19f) was isolated from reaction of LR with the diacyl complex 19e in 
good yield (78.4%).  Wallace attributed the inability to form thiapentalenyl RuCp* 
complexes from their diacyl precursors to the incapacity of an electron-rich 
thiapentalenyl ligand with an electron rich RuCp* moiety.  Thus, it can be 
rationalized that these quinoidal ligands more closely resemble Cp ligands, as far 
as electron donation is concerned.   Likewise, reaction of [RuCp*{η5-1,2-
C5H3(COMeC6H4CH2)2}] (22e) under identical conditions lead to the S-closed, 
quinoidal form [RuCp*{η5-SC7H3-1,3-(4-MeC6H4CH)2}] (22f) in moderate yield 
(36.9%).        
   Attempts to form the rhenium analog of 1d, [Re(CO)3{η5-SC7H3-1,3-Ph2}] 
(7d), failed under identical reaction conditions; only starting material and an  
unidentified decomposition product were obtained.  Due to our inability to form a 
stable dithienylcyclopentathienyl tricarbonylmanganese complex, we reasoned that 
incorporation of a rhenium center, generally more kinetically stable, might afford a 
S-closed fragment that could be isolated and eventually polymerized.  We decided 
to first employ the dibenzoylcyclopentadienyl case, which had S-closed in 
moderate yield (35.4%) under mild conditions when manganese was employed as  
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Figure 2.11. A)  Biaryl formation via Suzuki type cross-coupling.  B) Envisioned 
organometallic polymer incorporating a thiapentalenyl complex.       
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the metal center. However, refluxing the dibenzoylcyclopentadienyl 
tricarbonylrhenium complex 7c in a suspension of P4S10, NaHCO3, and CS2 did not 
yield any ring-closed product, nor a highly reactive thione.  Even in the case of the 
diacetylcyclopentadienyl tricarbonylmanganese complex 2c, these conditions 
caused the reaction to turn from a bright yellow to a deep purple, indicative of 
thione formation.  This was not the case for the rhenium complex 7c, as no color 
change to red or purple was observed.  We propose that the rhenium complex 7c 
is too inert to undergo even thionation under these reaction conditions (typical 
reactivity for a 5d versus a 3d transition metal moiety).  Refluxing 7c at a higher 
temperature employing 1,2-dichloroethane (b.p. 83 °C versus 46 °C for CS2) did 
not force thiation to occur and eventually lead to thermal decomposition.  It was 
concluded that S-closure with P4S10 was not possible for the case of complex 7c.           
Fu and coworkers were able to perform Suzuki type cross-coupling on a 
number of substituted aryl halides with arylboronic acids as the coupling partner.95   
Under mild conditions (room temperature in some cases), the authors were able to 
form biaryl products in high yield (as high as 99%) with low catalyst load (as low as 
1.5%).  The catalyst system consisted of one equivalent of Pd2(DBA)3 and 2 
equivalents of P(t-Bu)3.  The base promoter used was 3.3 equivalents of KF per 
aryl halide.  We were interested in testing the feasibility of polymer formation via 
palladium cross-coupling.  Our initial step would be to see if coupling of a simple 
arylboronic acid, phenylboronic acid, with the 4-chloro and 4-bromo thiapentalenyl 
complexes 9d and 10d under Fu’s conditions was possible.  If it was, then we 
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could switch to a disubstitued, aryl diboronic acid which could give an 
organometallic polymer incorporating a thiapentalenyl complex.   
Reaction of the 4-chloro thiapentalenyl complex 9d with 2.2 equivalents of 
phenyl boronic acid under the described conditions failed to give the desired cross 
coupled product [Mn(CO)3{η5-SC7H3-1,3-(4-PhC6H4)2}] (10e).  Even under refluxing 
conditions overnight, analysis of the reaction mixture showed only unreacted 
starting material 9d.  Switching to the more reactive system, refluxing the 4-bromo 
thiapentalenyl complex 10d under indentical conditions did lead to the formation of 
the desired biaryl product 10e, in moderate yield (37.5%).  (Figure 2.11)  The 
improved reactivity of aryl bromides versus aryl chlorides in coupling systems is 
generally understood to be due to a weaker C–Br bond as compared to the C–Cl 
bond.99  Breakage of the halogen–carbon bond on the aryl halide is necessary if 
oxidative addition to the palladium center is to occur and cross-coupling is to take 
place.  Therefore, it follows that a weaker halogen–carbon bond facilliates 
increased rates of formation of the Suzuki product.  Higher levels of catalyst 
loading were employed (10%, versus 0.5 to 1.5%) than by Fu due to the 
uncertainty of the purity of the coupling partners.  Lower than expected yield can 
be attributed to an unindentified inorganic side-product, which appears be NMR 
silent and lower in solubility than 10e.  Separation of 10e from this side-product 
could be accomplished with an ether/silca plug to give analytical purity.  Although 
these modest yield may not be high enough for efficient polymer growth, these 
results do demonstrate that the 4-bromo thiapentalenyl complex 10d is susceptible 
towards Suzuki-type cross coupling. 
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 Similar coupling trials were performed on the terthiophene substrates.  
Specifically, attempts were made to couple both the 5-chloro and 5-bromo 
terthiophene complexes 11d and 15d with 2-thiophene boronic acid.  Under 
identical conditions as the successful 4-bromo coupling trial, the reaction of 11d or 
15d with TpB(OH)2 afforded only starting material and none of the desired bithienyl 
complex.  Given the higher reactivity of halothiophenes versus haloarenes, we 
reasoned that failure to couple was due to the thermal sensitivity of the boronic 
acid chosen.  This was indeed true, as coupling proceeded for 11d and 15d when 
phenylboronic acid was employed.  Reaction of 11d with phenyl boronic acid led to 
partial coupling, with a substantial amount of starting material present.  The more 
reactive 15d gave complete conversion to the desired coupling product, 
[Mn(CO)3{η5-SC7H3-1,3-(5-PhTp)2}] (15e), in good yield (65.7%).       
Reaction of the the 5-methyl terthiophene complex 12e with excess 
diemethylacetylenedicarboxylate (DMAD) afforded the cycloaddition product, 
[Mn(CO)3{η5-SC9H3-1,4-(5-MeC4H2S)2-2,3-(CO2Me)2}] (12f), in moderate yield 
(47.4%).  Scheme 2.8 shows a proposed mechanism for the transformation to the 
indenyl product.  Loss of sulfur from the cycloaddition intermediate affords the final 
product.  The ability to perform a Diels-Alder  reaction on thiapentalenyl complexes 
was first observed by Blankenbuehler and Selegue74.  Refluxing 1,3-
dimethylcyclopenta[c]thienyl tricarbonylmanganese in a solution of DMAD and 
benzene afforded the corresponding 1,4-dimethyl indenyl complex in good yield 
(70%).  (Scheme 2.8)  Snyder and Selegue75 were able to perform analogous 
chemistry on the 1,3-diphenyl thiapentalenyl complex in moderate yield (40%).  In  
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Scheme 2.8.   Proposed mechanism for cycloaddition reaction with DMAD.  
  
 
144
our case, identical reaction conditions also gave the corresponding indenyl 
complex.  Longer reaction times were necessary to completely convert the 5- 
methyl terthiophene complex to the indenyl complex (overnight reflux versus 
several h) as compared to the methyl and phenyl case.  This sluggish rate likely 
reflects the more efficient π overlap and thus more localized electron density in the 
tertthiophene case.  More delocalized electron density leads to a weaker “diene” 
picture of the central thiophene.  Thus, cycloaddition is slower as compared to 
previous cases.  For comparison, the analogous cycloaddtion reaction was 
attempted employing the t-butylthiapentalenyl complex 13d.  Under refluxing 
conditions, no indenyl product was observed.  We attribute these results to the 
increased steric bulk of the tBu groups versus the methyl and aryl groups.                 
     Spectroscopy.  All new compounds were fully characterized by spectroscopic 
methods including 1H and 13C NMR and IR spectroscopy.  Compounds 1a–3a, 1b–
3b, 12a–12c, 13a–13c, 23a, and 23b were characterized by comparison of their 
1H NMR spectra with previously reported 75,76,90 The Cp resonances in the 1H NMR 
spectra of fulvenes 1a–6a and 8a–23a displayed a characteristic doublet and triplet 
integrating in a 2:1 ratio.  The resonances for the inner protons (CHCHCH) were 
within a narrow range from 6.18 to 6.62 ppm.  The outer position resonances 
(CHCHCH) ranged from 6.79 to 7.79 ppm.  In the case of the most downfield 
resonances of the outer position protons, the thienoyl 3a benzo[b]thienoyl 8a 
fulvenes, their dramatic shifts can be attributed to the anisotropic deshielding 
caused by the ring current of the thienyl and benzo[b]thienyl substituents.  
Characteristic enol peaks (s, 1H) are also observed for 1a–6a and 8a–23a 
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Table 2.10.  Selected 1H and 13 C Spectroscopic Data (in CDCl3) for Compounds 
1a–6a and 8a–22a in ppm. 
 CHCHCH 
δH 
CHCHCH 
δH 
CHCHCH
δC 
CHCHCH
δC 
CC 
δC 
CO 
δC 
1a 6.43 7.20 – – – – 
2a 6.40 7.33 – – – – 
3a 6.54 7.66 – – – – 
4a 6.46 7.25 124.5 122.7 129.2 185.5 
5a 6.48 7.34 113.8 122.3 124.3 184.8 
6a 6.58 7.23 125.3 123.8 125.0 183.0 
8a 6.62 7.78 124.2 122.9 124.9 192.2 
9a 6.50 7.23 123.7 128.8 124.6 184.3 
10a 6.18 6.79 123.8 126.6 124.6 184.3 
11a 6.54 7.01 123.9 127.5 127.9 175.1 
27a 6.51 6.84 – – – – 
13a 6.38 7.62 – – – – 
14a 6.39 7.43 121.0 135.8 122.9 195.8 
15a 6.54 7.15 121.5 131.2 123.9 175.1 
16a 6.48 7.53 122.4 124.5 124.5 188.3 
17a 6.35 7.53 122.6 127.4 125.2 188.9 
  
 
146
 
Table 2.10. continued 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
18a 6.50 7.53 122.8 125.2 124.0 186.7 
19a 6.49 7.51 122.7 131.0 124.4 187.7 
20a 6.49 7.51 121.4 124.4 122.8 187.7 
21a 6.41 7.64 121.3 135.9 124.5 188.0 
22a 6.46 7.51 122.3 138.2 124.4 188.5 
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ranging from 18.13 to 19.45 ppm.  The Cp carbon resonance for the fulvenes 4a–
6a and 8a–22a consist of a set of three resonances attributed to inner position 
(113.8–125.3 ppm, CHCHCH), the outer positions (122.3–138.2 ppm, CHCHCH), 
and the quaternary positions (124.3–129.2 ppm, CC).  The ketone carbons display 
resonances between 175.1 and 192.2 ppm, typical of organic carbonyls.  A 
distinguishing feature in the IR spectra of the fulvenes 4a–6a and 8a–22a is the 
strong, very broad enol absorbance centered around 3420 cm-1.  Table 2.10 
contains some selected 1H and 13C NMR data for compounds 1a–6a and 8a–22a.  
The 1H NMR spectra of the thallium salts 1b–5b and 8b–23b were similar to 
those of the corresponding fulvenes.  The Cp protons displayed the predicted 
doublet for the outer positions (5.56–5.80 ppm, 2H) and triplet for the inner position 
(6.18–7.03 ppm, 1H).  The same anisotropic deshielding was present for the inner 
position proton in the thienyl 3b and benzo[b]thiophene 8b thallium salts, with 
resonances at 7.03 and 6.60 ppm respectively.  Shifts in general were to higher 
field than the corresponding fulvenes.  Although a direct comparison cannot be 
made between the fulvene chemical shifts and the corresponding shifts of their 
thallium salts due to a different solvent employed for each, the upfield shifts 
observed for the thallium salts are likely a reflection of the increased electron 
density (increased shielding) due to the Cp’s ionic nature.  There was no indication 
of the enolic protons in the δ 18 to 19 ppm range.  The 13C NMR spectra of 4b, 5b, 
8b–11b, and 14b–22b were also similar to the corresponding fulvenes. The outer 
positions (111.1–127.1 ppm, CHCHCH) and the quaternary carbons (115.6–125.4 
ppm, CC) did not display increased shielding effects and were in a comparable  
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Table 2.11.  Selected 1H and 13 C Spectroscopic Data (in d-DMSO) for 
Compounds 1b–5b and 8b–22b in ppm. 
 
 CHCHCH 
δH 
CHCHCH 
δH 
CHCHCH
δC 
CHCHCH
δC 
CC 
δC 
CO 
δC 
1b 5.66 6.21 – – – – 
2b 5.56 6.39 – – – – 
3b 5.67 7.03 – – – – 
4b 5.64 6.18 109.6 122.6 125.4 188.7 
5b 5.65 6.19 109.4 112.3 121.9 188.2 
8b 5.80 6.60 111.0 122.6 123.5 181.1 
9b 5.70 6.26 110.7 127.1 123.3 187.4 
10b 5.71 6.26 110.7 122.7 123.3 187.5 
11b 5.73 6.50 111.2 122.9 124.1 179.3 
12b 5.67 6.39 – – – – 
13b 5.58 5.93 – – – – 
14b 5.57 6.36 109.3 120.1 124.6 200.6 
15b 5.72 6.45 96.5 111.1 115.6 179.0 
16b 5.62 6.54 110.3 122.7 125.0 192.1 
17b 5.56 6.59 110.4 123.2 123.6 192.5 
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Table 2.11 continued 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
18b 5.79 5.97 113.9 117.2 121.0 184.8 
19b 5.65 6.55 110.6 123.0 124.9 191.6 
20b 5.65 6.55 110.6 123.0 124.9 191.5 
21b 5.62 6.41 108.2 118.6 126.7 190.8 
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range to the corresponding fulvenes.  The inner position carbon resonances 
(CHCHCH) were to high field, ranging from 96.5 to 111.0 ppm and reflecting 
increased shielding compared the fulvenes. The carbonyl resonances generally 
display a slight shift to high field, ranging from 179.0 to 188.7 ppm.  The IR 
spectrum did not contain any evidence of an enolic absorbance in the 3400 to 
2600 cm-1 range.  Table 2.5 contains some selected 1H and 13C NMR data for 
compounds 1b–5b and 8b–22b.           
The 1H NMR spectra of the diacylcyclopenta[c]dienyl complexes 1c–23c 
display the Cp resonances to high field compared to both the fulvene and thallium 
salts, with ranges 3.56–4.99 ppm for the inner position proton (t, CHCHCH) and 
4.34–5.23 ppm for the outer position protons (d, CHCHCH).  While this may partly 
reflect solvent effects, the high field shifts also reflect the shielding nature of the 
transition metal center.   13C NMR spectra display the Cp carbon resonances also 
to high field, with the inner position (79.2–82.1 ppm, CHCHCH), the outer positions 
(87.3–88.8 ppm, CHCHCH), and the quaternary (98.3–107.0 ppm, CC) carbon 
shifts reflecting the increased shielding due to the metal center.  The acyl carbonyl 
carbon resonances do not appear to be influenced by the shielding effects of the 
metal center, as their range is comparable to both the fulvenes and thallium salts 
(181.4–194.4 ppm).  The metal carbonyls for the manganese complexes 1c–6c, 
8c–11c, and 14c–23c are observed as a broad singlet, with a narrow range 
(222.3–223.6 ppm).  For the rhenium diacyl complex 7c, the metal carbonyls were 
observed at 192.1 ppm, reflecting the increased shielding nature of a 5d versus a 
3d metal center.  The IR spectrum contains characteristic metal tricarbonyl  
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Table 2.12.  Selected NMR (in C6D6) and IR (in KBr) Data of 1c–23c. 
 
 
 
 CHCHCH
δH 
CHCHCH 
δH 
CHCHCH
δC 
CHCHCH
δC 
CO
δC 
CO
ν  
1c 3.68 4.35 79.3 88.4 222.4 2041, 1966, 
1950 
2c 3.56 4.34 79.3 87.7 222.3 2027,1964, 
1942 
3c 3.67 4.63 79.3 87.4 223.1 2025, 1950, 
1927 
4c 3.72 4.62 78.6 87.3 222.5 2026, 1967, 
1943 
5c 3.76 4.63 79.4 87.5 223.6 2027,1952, 
1931 
6c 4.99a 5.23a – – – 2025,1921 
7c 4.19 4.89 82.1 88.8 192.1 2026,1943 
8c 3.74 4.72 79.2 87.9 222.9 2032, 2008, 
1943 
9c 3.66 4.44 79.5 88.3 222.9 2030, 1958, 
1929 
10c 3.66 4.44 79.6 88.4 222.7 2030, 1966 
11c 3.64 4.51 79.0 87.5 222.7 2027, 1946    
12c 3.73 4.70 – – – – 
13c 3.61 4.40 – – – – 
14c 3.58 4.35 78.9 87.8 223.1 2037,1948, 
1938 
15c 3.66 4.53 78.9 87.5 222.7 2027, 1958, 
1940 
16c 3.44 4.32 79.2 88.5 222.8 2032, 1966, 
1946 
17c 3.28 4.38 78.7 89.5 222.7 2032, 1967, 
1948 
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Table 2.12 continued 
 
a. In d-acetone. 
b. In d-DMSO 
 
 
 
 
 
 
 
 
 
 
 
 
 
18c 3.47 3.76 79.6 88.8 222.5 2030,1949 
 
19c 3.39–3.56 4.29 79.5 88.4 222.7 2033, 1953  
20c 3.37–3.59 4.27 79.5 88.4 222.6 2033, 1945 
21c 5.62b 6.41b 87.9b 102.8b 223.6b 2027, 1943, 
1929 
22c 3.49 4.35 78.7 88.1 222.4 2031, 1941 
23c 3.57 4.35 78.9 87.8 223.3 2036, 1945 
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absorbances in the range of 2041 to 1921 cm-1.  Two or three carbonyl stretches 
are observed depending upon the resolution of the spectrum.  Table 2.6 contains 
some selected 1H and 13C NMR and IR data for compounds 1c–23c.  
For the S-closed manganese complexes, 1d, 4d, 5d, and 8d–13d, and 15d, 
nearly second-order coupling was observed for the Cp proton resonances, with the 
characteristic triplet (4.58–4.79 ppm, 1H) and doublet (4.70–4.93 ppm, 2H).  For 
the case of the 5-Cl thienyl complex 11d, spectra taken in C6D6 displayed Cp 
resonances that nearly coalesced (4.62 ppm, m, 3H).  A similar observation was 
made for the t-butyl complex 13d (4.71, m, 3H), the phenylacetyl complex 16d 
(4.19, s, 3H), and the tolylacetyl complex 22d (4.23, s, 3H).  Spectra recorded in d-
acetone for 16d and 18d–20d, however, displayed resolution of the Cp signals.  
The characteristic doublet (5.66–5.77, 2H) and triplet (5.76–5.83, 1H) were 
observed for 3d, 11d, 12d, 15d, and 21d.   The carbon resonances in 13C NMR for 
complexes 3d–5d, and 8d–13d, 15d, 16d, and 18d–22d were at chemical shifts 
comparable to the diacyl complexes, with the inner position (64.8–87.9 ppm), outer 
position (79.3–99.0 ppm), and the quaternary (87.9–114.9) carbons all apparent.  
The metal-bound carbonyls are observed within a narrow range (224.4–225.0 
ppm) as a broad singlet, which is slightly downfield to the corresponding 
resonances on the diacyl complexes 3c–5c, and 8c–13c, 15c, 16c and 18c–22c.  
Absent is any indication of the acyl carbonyl resonances.  The metal-bound 
carbonyl stretches are observed at lower frequency (2018–1896 cm-1) compared 
the corresponding diacyl complexes, which reflects the decreased inductive effects 
due to loss of electron withdrawing substituents (acyls) on the Cp ligand.  Table 2.7  
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Table 2.13.  Selected NMR (in C6D6 or d-acetone) and IR (in KBr) Data of 1d, 3d–
5d, and 8d–13d, 15d, 16d, 18d–22d. 
 
a. In C6D6. 
b. In d-acetone. 
 
 CHCHCH
δH 
CHCHCH 
δH 
CHCHCH
δC 
CHCHCH
δC 
CC 
δC 
CO 
δC 
CO 
ν  
1da 4.72 4.78 – – – – 2009,  
1919, 
1899 
3db 5.80 5.72 66.1 98.5 113.3 224.9 2008, 
1946, 
1926 
4da 4.75 4.84 87.9 96.9 113.5 224.8 2007, 
1929, 
1896 
5da 4.79 4.87 64.7 96.8 114.3 224.9 2018,  
1932 
 
8da 4.73 4.93 66.3 79.3 87.9 224.4 2005,  
1940, 
1921 
9db 5.85 5.93 66.3 99.1 114.4 225.1 2007, 
1949, 
1925 
10da 4.70 4.58 64.8 97.4 113.5 224.3 2009, 
1947, 
1928 
11db 5.83 5.72 66.1 99.0 113.2 224.7 2009, 
1924 
12db 5.76 5.66 66.0 98.2 112.8 225.0 2004, 
1933, 
1900 
13db 4.71 4.71 64.2 95.8 115.1 225.8 2012, 
1922 
15db 5.70 5.79 66.8 99.0 112.7 225.2 2016, 
1927 
16db 5.36 5.53 77.4 90.2 109.6 225.4 2015, 
1938 
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Table 2.13 continued 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
18db 5.33 5.51 66.7 90.6 110.3 226.1 2018, 
1936, 
1921 
19db 5.40 5.54 72.7 90.4 109.4 225.6 2021, 
1936, 
1902 
20db 5.38 5.54 72.7 90.4 109.4 225.6 2013, 
1932 
21db 5.61 5.67 96.7 114.2 127.8 225.6 2002, 
1937, 
1902 
22da 4.23 4.23 70.4 88.4 109.1 225.0 2016, 
1937, 
1920 
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contains some selected 1H and 13C NMR and IR data for compounds 1d–3d, 5d, 
and 8d–13d, 15d, 16d, and 18d–22d.                      
The 1H NMR for the biaryl complex 10e displays Cp resonances as a 
multuplet at 5.97 ppm (d-acetone) as well as an expected complicated aromatic 
region (7.17–7.97, m, 18H).  The 13C NMR displays the typical symmetric 
resonance pattern for the Cp carbons, with the inner Cp (66.4 ppm), 2- and 4-
positions (98.7 ppm), and bridgehead positions (125.7 ppm) evident.  The metal- 
bound carbonyls exist as a broad singlet at 224.8 ppm.  The IR displays a distinct 
tricarbonyl patern (2014, 1934 cm-1), with a shift to higher energy compared to the 
4-bromo thiapentalenyl complex 10d (2009, 1947, 1928 cm-1), reflecting a more 
conjugated and therefore weaker electron-donating thiapentalenyl ligand.  The MS 
of 10e displays the expected M+ peak (564) and an absence of an isotopic pattern 
attributed to two bromine atoms.  Likewise, the phenyl-coupled product 
[Mn(CO)3{η5-SC7H3-1,3-(5-PhC4H2S)2}] (15e) displays the same distinct tricarbonyl 
pattern with a shift to higher frequency (2015, 1934 cm-1), as compared to its 
terthiophene precursor 15d.  Its MS indicated the expected parent ion (M+ = 576) 
and did not indicate the presence of bromine atoms.  Its 1H NMR was consistent 
with a thienyl-phenyl coupled product, with a complex aromatic region (7.22–8.28 
ppm, m, 14H, Ar).   
 The cycloaddition product Mn(CO)3{η5-SC9H3-1,4-(5-MeTp)2-2,3-(CO2Me)2}] 
(12f) displayed a similar Cp pattern to its thiapentalenyl precursor 12d, with the 
inner Cp and 2- and 4- position resonances at 4.18 (t, 1H) 4.99 (d, 2H) 
respectively.  The presence of the methyl ester groups was indicated by a singlet 
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at 3.38 ppm corresponding to 6 protons.  The 13C NMR contained two carbonyl 
signals at 168.5 (CO2Me) and 224.6 (CO), indicating both the ester groups and 
metal carbonyls were present.  As with 10e and 15e, the IR of 12f displays a shift 
to higher energies (2022, 1942 cm-1) of the carbonyl stretches due to a more 
conjugated system.   
Structure.  X-ray crystallography confirmed the molecular structures of 
[Mn(CO)3{η5-1,2-C5H3(COPh)2}] (1c),  [Mn(CO)3{η5-1,2-C5H3(COMe)2}] (2c),  
[Mn(CO)3{η5-1,2-C5H3(CO-4-C6H4OMe)2}] (5c) [Mn(CO)3{η5-SC7H3-1,3-(4-
ClC6H4)2}] (9d), [Mn(CO)3{η5-SC7H3-1,3-(5-MeC4H2S)2}] (12d), [Mn(CO)3{η5-
SC7H3-1,3-tBu2}] (13d), [Mn(CO)3{η5-SC7H3-1,3-(CHPh)2}] (16d), and [Mn(CO)3{η5-
SC7H3-1,3-(CH-4-BrC6H4)2}] (20d).  The structures for 1c, 2c, 5c, 9d, 12d, 13d, 
16d, and 20d display typical cyclopentadienyl-η5 coordination to the manganese.  
Average metal–carbon bond lengths with are 2.1413(17) Å for 1c, 2.1394(9) Å for 
2c, and 2.1504(4) Å for 5c.  For 9d, typical asymmetric metal–carbon bond lengths 
(indenyl effect) are observed, with the bridgehead carbons (C1 and C2) displaying 
longer Mn–C bonds (average 2.245(2) Å) than C3, C4, and C5 (aveage 2.132(2) 
Å).   Snyder and Selegue also observed this phenomenon with analogous 
thiapentalenyl tricarbonylmanganese complexes to 9d.75  This observation is 
typical for indenyl complexes, suggesting that there a significant “aromatic” 
resonance form for these thiapentalenyl complexes which leaves the Cp portion 
corrdinated η3 to the manganese (see Figure 1.13).   Likewise the bridgehead 
positions for 12d, 13d, 16d, and 20d display longer Mn–C bonds (average 
2.259(5), 2.281(4), 2.168(2), and 2.164(3) Å respectively), as compared to the 
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non-bridgehead positions (2.127(5), 2.128(4), 2.148(3), and 2.132(3) Å 
respectively).  The oxygen atoms on 1c are positioned on the same side of the 
manganese center, with O1 -0.7376 Å and O2 -0.6188 Å below the Cp least-
squares plane.  For the case of 2c, the oxygen atoms are oriented away from the 
side of the manganese, with deviations of 0.1394 Å for O1 and 0.7728 Å for O2 
above the Cp least-squares plane.  Similarly, the carbonyl oxygen atoms O1 and 
O2 of 5c are oriented away from the manganese center with deviations from the 
Cp least-squares plane of 0.4543 Å and 0.6703 Å respectively.  The thiapentalenyl 
ligands are nearly planar for 9d, 12d, 13d, 16d, and 20d with the average 
deviation from the least-squares plane created by C1, C2, C3, C4, C5, C6, C7, and 
S1 being 0.0243 ,0.0258, 0.0242, 0.0245, 0.0321 Å respectively.  This suggests 
that, while the central thiapentalenyl ligand is well conjugated for the S-closed 
cases, the orientation and planarity for 1c, 2c, and 5c, the ring-opened, 
diacylcyclopenta[c]dienyl complexes, is dictated by steric contraints.  When 
bulkier groups are present, as in the case of 1c and 5c, the aryl groups are 
pointed uniformly away from the metal center as to reduce crowding.  This is 
reflected in the similar values of deviation for the oxygen atoms from the Cp plane.  
For the case of 2c, with little steric hindrance associated with its methyl 
substituents, there is no preferential orientation by the acetyl groups.  This is 
reflected by the large difference between the deviations by the oxygens from the 
Cp plane, making the methyl orientation random.                                 
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The orientations of the aromatic rings on 1c and 5c are similar in that one 
ring is nearly planar with respect to the carbonyl carbon and the quaternary carbon 
on the Cp ring while the other is not.  For 1c, the [C1–C6–C11–C16] torsion angle  
is -177.85(18)° while the [C2–C7–C17–C22] torsion angle is -158.12(15)°.  For 5c, 
the [C1–C6–C11–C16] torsion angle is -25.0(5)° while the [C2–C7–C17–C22] 
torsion angle is -177.4(3)°.  The aromatic rings for 9d are both slightly out of the 
plane of thiapentalenyl ligand and tilted towards the manganese center.  The [C2–
C7–C17–C22] torsion angle for 9d on average is -17.8(4)° while the [C1–C6–C11–
C16] torsion angle is on average is 14.2(4).°  The thienyl rings of 12d are oriented 
in a trans fashion, nearly planar with the central thiapentalenyl ligand.   The sulfur 
atoms on the thienyl rings (S2 and S3) are slightly above least-sqauares plane 
created by the thiapentalenyl ligand (0.0356 and 0.0393 Å respectively).  The [S2–
C27–C6–C1] torsion angle is 176.8(3)°, while the [S3–C31–C7–C2] torsion angle 
is -6.9(8)°.  The quaternary carbons on the t-butyl groups for 13d (C43 and C44) 
are oriented slightly above the least-squares plane created by thiapentalenyl 
ligands, deviating -0.1457 and -0.0658 Å respectively.  The phenyl alkenyl 
substituents in 16d are highly planar with respect to the central thiapentalenyl 
ligand, with the [S1–C7–C18–C19] and [S1–C6–C11–C12] torsion angles equal to 
-2.2(4)° and 1.2(4)° respectively.  Likewise, the corresponding phenyl alkenyl 
substituents in 20d are highly planar with respect to the central thiapentalenyl 
ligand, with the [S1–C7–C18–C19] and [S1–C6–C11–C12] torsion angles equal to 
-3.5(5)° and 0.0(5)° respectively.   
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This high degree of planarity for structures 12d, 16d, and 20d, not only in 
the thiapentalenyl ring, but with respect to the entire ligand has profound 
implications for their incorporation into a conducting polymer.  Because conduction 
in molecular-based electronic devices is based upon efficient π overlap, the 
planarity observed suggests that low band gap polymer formation is possible due 
to the minimal twist angle observed.  X-ray crystallographic analysis clearly 
displays a thiapentalenyl ligand and its neighboring aromatic substituents highly 
conjugated and well-ordered.  Given the fact that aryl coupling has already been 
observed in this system and that electrochemical polymerization for thiophenes 
and terthiophenes is well established, these observations are encouraging that an 
organometallic thiapentalene can be incorporated into a conducting polymer.   
The futher significance of structures 16d and 20d lie in their modeling of the 
“quinoidal resonance form” (see Figure 1.13.) for a potential conducting polymer.  
Not only do we see that such a form can exist in these organometallic 
thiapentalene monomers, but that these forms are highly stable and well-ordered.  
As mentioned in Chapter 1, Wudl and coworkers suggest that it is this quinoidal 
form that gives poly(benzo[c]thiophene) its increased stability and conductivity.  
The structures of 16d and 20d suggest that a “signicant quinoidal resonance form” 
could also exist in an organometallic polythiapentalene and therefore give it 
remarkable electronic properties as well as environmental durability.       
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Summary 
 
 The 1,2-diacylcyclopentadienes (fulvenes) 1,2-C5H3(CROH)(COR) (1a–23a) 
were formed in low to good yield (13–95.3%) using a modified procedure of Linn 
and Sharkey96 and Wallace and Selegue.76  Reaction of the fulvenes 1a–5a and 
8a–23a with TlOEt at room temperature afforded the corresponding thallium salts, 
[Tl{1,2-C5H3(COR)2}] (1b–5b and 8b–23b) in moderate to high yield (56.0–100%).   
Refluxing 1b–5b and 8b–23b with [MnBr(CO)5] in benzene afforded the 1,2-
diacylcyclopentadienyl tricarbonylmanganese complexes [Mn(CO)3{η5-1,2-
C5H3(COR)2}] (1c–5c and 8c–23c) in moderate to high yield (45.7–93.2%).  The 
tricarbonylrhenium complex [Re(CO)3{η5-1,2-C5H3(COPh)2}] (7c) was obtained in 
good yield (60.9%) from the thallium salt 1c under identical conditions as the 
formation of the 1,2-diacyclopentadienyl tricarbonylmanganese complexes 1c–5c 
and 8c–23c employing [ReBr(CO)5].  The complex [Mn(CO)3{η5-1,2-C5H3(CO-4-
NO2C6H4)2}] (6c) was obtained in low yield by refluxing the potassium salt of the 
fulvene 6a with [MnBr (CO)5] in THF.            
Thiapentalenyl complexes [Mn(CO)3{η5-SC7H3-1,3-Ph2}]  (1d), [Mn(CO)3{η5-
SC7H3-1,3-(4-Tol)2}] (4d),  [Mn(CO)3{η5-SC7H3-1,3-(4-C6H4OMe)2}] (5d), 
[Mn(CO)3{η5-SC7H3-1,3-(COC8H5S)2}] (8d), [Mn(CO)3{η5-SC7H3-1,3-(4-ClC6H4)2}] 
(9d), and [Mn(CO)3{η5-SC7H3-1,3-(4-BrC6H4)2}] (10d) were obtained from their 
diacyl precursors 1c, 4c, 5c, and 8–10c.  Refluxing the 1,2-diacylcyclopentadienyl 
tricarbonylmanganese complexes 1c, 4c, 5c, and 8c–10c in a suspension of 
P4S10, NaHCO3, and CS2 for two h afforded the S-closed products in moderate 
yield (21–38%).  Reaction of the 1,2-diacylcyclopentadienyl tricarbonylmanganese 
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complexes 2c, 3c, 7c, and 21c under identical conditions did not afford stable 
thiapentalenyl complexes.  Terthiophene complexes [Mn(CO)3{η5-SC7H3-1,3-Tp2}]  
(3d), [Mn(CO)3{η5-SC7H3-1,3-(5-ClC4H2S)2}] (11d), [Mn(CO)3{η5-SC7H3-1,3-(5-
MeC4H2S)2}] (12d), and Mn(CO)3{η5-SC7H3-1,3-(5-BrC4H2S)2}] (15d) and the 1,3-
diferrocenyl complex [Mn(CO)3{η5-SC7H3-1,3-Fc2}] (21d) could be obtained by 
refluxing their diacyl precursors in a suspension of LR and benzene in 80.3, 76.2, 
69.5, 49.5, and 57.4% yield respectively.  For the alkyl diacyl complexes, 2c, 13c, 
and 14c, only in the instance of the t-butyl case 13c did reaction with LR yield a 
stable thiapentalenyl complex, [Mn(CO)3{η5-SC7H3-1,3-tBu2}] (13d), in good yield 
(72.4%).   
Formation of the unexpected 1,3-dihydro-1,3-bis(aryl methylene)-
cyclopenta[c]thienyl complexes [Mn(CO)3{η5-SC7H3-1,3-(CHPh)2}] (16d), 
[Mn(CO)3{η5-SC7H3-1,3-(CHTp)2}] (18d), [Mn(CO)3{η5-SC7H3-1,3-(CH-4-ClC6H4)2}] 
(19d), [Mn(CO)3{η5-SC7H3-1,3-(CH-4-BrC6H4)2}] (20d), and [Mn(CO)3{η5-SC7H3-
1,3-(CH-4-MeC6H4)2}] (22d) was accomplished in moderate to good yield (29.1–
79.6%) by refluxing the corresponding diacyl complex 16c in a suspension of P4S10 
and NaHCO3 in CS2.  Reaction of 16c with LR afforded a mixture of both 16d and 
the “quinoidal” isomer of the expected thiapentalenyl complex, [Mn(CO)3{η5-
SC7H3-1,3-( CH2Ph)(CHPh}].  Formation of the RuCp* analogs of 19d and 22d, 
[RuCp*{η5-SC7H3-1,3-(CH-4-ClC6H4)2}] (19f) and [RuCp*{η5-SC7H3-1,3-(CH-4-
MeC6H4)2}] (22f), could be accomplished in moderate to good yield (78.4 and 
36.9% respectively) by reaction of their diacyl precursors [RuCp*{η5-1,2-C5H3(CO- 
CH2-4-ClC6H4)2}] (19e) [RuCp*{η5-1,2-C5H3(COCH2-4-MeC6H4)2}] (22e) with LR.             
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The 4-bromophenyl complex 10d was susceptible to Suzuki type cross-
coupling with phenylboronic acid and Pd2(DBA)3, P(t-but)3, and KF as the catalytic 
system.  Refluxing the reaction in THF overnight gave the biaryl complex, 
[Mn(CO)3{η5-SC7H3-1,3-(4-PhC6H4)2}] (10e) in moderate yield (37.5%).  Attempts 
to form the biaryl complex 10e from the 4-chlorophenyl complex 9d under identical 
conditions failed, giving only starting material.  Attempts to couple the 5-chloro and 
5-bromo terthiophene complexes 11d and 15d with 2-thiopheneboronic acid also 
failed under these conditions.  However, when switching to phenylboronic acid as 
the coupling partner, partial coupling was observed in the case of 11d and 
complete coupling with 15d.  Employing identical reaction conditions for the 
formation of 10e, [Mn(CO)3{η5-SC7H3-1,3-(5-PhC4H2S)2}] (15e) was isolated in 
good yield (65.7%).           
Reaction of the 5-methyl terthiophene complex 12d with 
dimethylacetylenedicarboxylate (DMAD) afforded the desired cycloaddition 
product, [Mn(CO)3{η5-SC9H3-1,4-(5-MeC4H2S)2-2,3-(CO2Me)2}] (12f), in moderate 
yield (47.4%).   
 
 
 
 
 
 
 
 
 
 
 
 
Copyright  Nathan Charles Tice 2006 
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Chapter 3 
 
 
Attempted Synthesis and Characterization of Some 5,5-Fused-Ring Pyrroles 
and their Complexes   
 
Introduction 
 
 As with thiophenes, pyrroles and their derivatives have been of great 
interest for incorporation in conductive polymers due to their novel properties and 
environmental stability as compared to non-aromatic analogs (e.g., 
polyacetylene).7, 13  A common approach toward pyrrole formation, known as Paal-
Knorr synthesis, involves condensation of a 1,4-diketone (e.g., hexane-2,5-dione, 
4-benzoylbutane-2-one, phenacylacetone, 1,2-dibenzoyIethane) with ammonia or 
a primary amine (Figure 3.1).100  Isoindoles, 5,6-fused ring counterparts to 
pyrroles, have also been synthesized from a 1,4-diketone, 1,2-dibenzoylcyclohexa-
1,4-diene (Figure 3.1).101  White and coworkers were able to reductively aminate in 
an aqueous methylamine/ethanol solution under reflux to give the N-closed 
product, 1,3-diphenyl-2-methylisoindole, in high yield (80%).  Moderate yield were 
also obtained for the unsubstituted and phenyl-substituted isoindoles (48 and 65% 
respectively) employing ammonium acetate or aniline as the nitrogen source.  As 
previously stated, fused-ring analogs of pyrroles offer advantages from a materials 
aspect including decreased band gap37 and the ability to interact with a transition 
metal center in a π fashion.      
Another approach towards pyrrole synthesis is through ring contraction of a 
1,2-diazine (Figure 3.1).  Boger and coworkers have reported on the formation of 
highly  substituted pyrroles from 1,2-diazines in high yield (up to 92%).102  The    
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Figure 3.1. A)  Paal-Knorr sythesis of 2,5-substituted pyrroles.100  B) Synthesis 
of N-substituted 1,3-diphenyl-isoindoles via reductive amination.101  C)  Boger 
synthesis of substituted pyrroles from 1,2-diazines.102 
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procedure entailed stirring the diazine in a suspension of activated zinc powder 
and glacial acetic acid.  Reduction of the substituents on the diazine was not 
observed, as aromatic groups, esters, and ketones survived these conditions.   
Chapter 2 highlighted the ability to form 5,5-fused-ring organometallic 
complexes incorporating a thiophene from 1,2-diacylcyclopentadienes (fulvenes).  
We were interested in the potential for use of a fulvene, specifically 1,2-
benzoylcyclopentadiene, in the formation of a 5,5-fused-ring pyrrole.  Both the 
approach of reductive amination and ring contraction employing a fulvene offer a 
potential route toward pyrrole formation (Scheme 3.1).  Wallace and Selegue have 
already reported on facile pyridazine formation from 1,2-benzoylcyclopentadiene 
and hydrazine hydrate.76   Treatment of the pyridazine with Boger’s conditions 
should give the desired fused ring pyrrole.  Likewise, treatment of 1,2-
benzoylcyclopentadiene under White’s conditions of reductive amination may also 
give the corresponding pyrrole.  Herein, we report the attempted synthesis and 
characterization of some 5,5-fused-ring pyrroles and their complexes.   
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Scheme 3.1.   Envisioned synthesis of a 5,5-fused ring pyrrole. 
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Experimental 
 
Chapter 2 lists the general conditions for all experiments.  Solvents were 
dried and distilled under nitrogen before use including pyridine over calcium 
hydride.  Aqueous methylamine, HONH2·HCl, TlOEt (Aldrich), hydrazine hydrate, 
MeONH2·HCl (Acros), NaBH4 (Merck), and ethyl alcohol (Aaper), were used 
without further purification.  [MnBr(CO)5] was prepared by using procedures from 
Angelici.91    1,2-C5H3(CPhOH)(COPh)   (1a),   1,2-C5H3(CMeOH)(COMe)  (2a),  
                           ┌–––––┐ 
 and 1,2-C5H3(CPhNH)(CPhN) (25b)  were prepared by literature methods.75,76   
 
Synthesis of 1,2-C5H3(CPhNHMe)(COPh) (24a).  In a 125-mL Schlenk 
flask, 1a (250 mg, 0.912 mmol) was added to 40 mL of 40% aqueous methylamine 
solution.  The solution was allowed to stir at room temperature for 3 h.  The 
product was extracted with ethyl ether (3 x 30 mL) and isolated by chromatography 
using a thick pad of silica and ethyl ether as eluent.  The volatiles were removed in 
vacuo to give a yellow oil.  Trituration with cold pentane gave 24a (160 mg, 61.1%) 
as a bright yellow powder.  Slow recrystallization from ethyl ether at room 
temperature in air gave yellow, single crystals.  Mp:  71–73 °C.  1H NMR (200 
MHz, CDCl3, ppm):  δ 2.98 (d, 2H, 3J = 5.2 Hz, Me), 6.17 (t, 1H, 3J = 4.0 Hz, 
CHCHCH), 6.36 (dd, 1H, 3J = 4.0 Hz, 4J = 1.8 Hz, CHCHCH), 7.04 (dd, 1H, 3J = 
4.0 Hz, 4J = 1.8 Hz, CHCHCH), 7.35–7.53 (m, 8H, Ph), 7.67–7.72 (m, 2H, Ph), 
13.90 (bs, 1H, NHMe).  13C{1H} NMR (50 MHz, CDCl3, ppm):  δ 32.7 (Me), 117.9 
(CHCHCH), 120.2 (CC), 125.2 (CC), 128.0 (CHCHCH), 128.4 (CHCHCH), 128.6, 
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129.1, 129.9, 130.1, 134.3, 135.5, 139.4, 142.7 (Ph), 167.7 (MeHNCPh), 191.2 
(PhCO).  IR (KBr, cm-1):  3424 (NH), 1633 (CO).  HRMS:  (M+) calcd 287.1305, 
obsd 287.1307.  Analysis Calc for C20H17NO:  C, 83.60; H, 5.96; N, 4.87.  Found:  
C, 83.17; H, 6.14; N, 4.83   
Synthesis of 1,2-C5H3(CPhNH2)(COPh) (24b).  Method A: In a 125-mL 
Schlenk flask, 1 (250 mg, 0.912 mmol) was added to a stirred suspension of 
excess NH2OH·HCl (310 mg, 4.46 mmol) in 40 mL of 50/50 ethanol/pyridine.  The 
suspension was allowed to reflux for 72 h.  The volatiles were removed in vacuo 
and the product was isolated by chromatography using a silica column and 70/30 
pentane/diethyl ether as eluent.  The product was collected as the second fraction, 
a bright yellow band.  The volatiles were removed in vacuo to give a yellow solid.  
Trituration with cold pentane gave 24b (70.0 mg, 28.1%) as a bright yellow 
powder.  Method B:  In a 125-mL Schlenk flask, 1a (280 mg, 1.02 mmol) was 
added to a stirred suspension of excess NH4Cl (1.00 g, 18.7 mmol) in 40 mL of 
50/50 ethanol/pyridine.  The suspension was allowed to reflux for 72 h.  The 
volatiles were removed in vacuo and the crude product was washed with ethyl 
ether.  The ether washings were combined and the volatiles were removed in 
vacuo.  The product was isolated by chromatography using a thick pad of silica 
and 70/30 pentane/toluene.  The product was eluted with 70/30 pentane/ethyl 
ether and the volatiles were removed in vacuo to give a yellow solid.  Trituration 
with cold pentane gave 24b (196 mg, 70.5%) as a bright yellow powder.  Slow 
recrystallization from hexanes at room temperature in air gave yellow, single 
crystals.  Mp:  131–133 °C.  1H NMR (200 MHz, CDCl3, ppm):  δ 6.20 (bs, 1H, 
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NH), 6.28 (t, 1H, 3J = 3.0 Hz, CHCHCH), 6.69 (dd, 1H, 3J = 3.0 Hz, 4J = 1.8 Hz, 
CHCHCH), 7.13 (dd, 1H, 3J = 3.0 Hz, 4J = 1.8 Hz, CHCHCH), 7.42–7.73 (m, 10H, 
Ph), 13.01 (bs, 1H, NH···O).  13C{1H} NMR (50 MHz, CDCl3, ppm):  δ 117.7 (CC), 
119.3 (CHCHCH), 126.7 (CC), 128.0 (CHCHCH), 128.8 (CHCHCH), 129.0, 129.2, 
130.3, 130.9, 136.5, 138.0, 141.5, 142.7 (Ph), 165.9 (NH2CPh), 192.1 (PhCO).  IR 
(KBr, cm-1):  3450 (NH2), 1620 (CO).  HRMS:  (M+) calcd 273.1154, obsd 
273.1157.  Analysis Calc for C19H15NO: C, 83.49; H, 5.53; N, 5.12.  Found:  C, 
82.84; H, 5.56; N, 5.13.        
                                            ┌––––┐ 
Synthesis of 1,2-C5H3(CPhN)(CPhO)  (25a).  Synthesis of 25a was 
previously performed by Linn and Sharkey.96  Their procedure was used with slight 
modifications.  In a 125-mL Schlenk flask, 1a (2.00 g, 7.30 mmol) was added to a 
suspension of excess NH2OH·HCl (2.00 g, 28.7 mmol) in 40 mL of 50/50 
ethanol/pyridine.  The suspension was allowed to reflux overnight.  The volatiles 
were removed in vacuo and the product was isolated by chromatography using a 
thin pad of silica and 70/30 pentane/toluene as eluent.  The volatiles were removed 
in vacuo to give 25a (1.20 g, 60.7%) as a mixture of yellow power and orange, 
single crystals.  Mp:  138–144 °C.  Lit96  Mp:  143–143.5 °C.  1H NMR (200 MHz, 
CDCl3, ppm):  δ 6.98 (dd, 1H, 3J = 3.2 Hz, 4J = 1.2 Hz, CHCHCH), 7.27 (dd, 1H, 3J 
= 4.8 Hz, 4J = 1.2 Hz, CHCHCH), 7.36 (dd, 1H, 3J = 4.8 Hz, 4J = 3.2 Hz, 
CHCHCH), 7.53–7.61 (m, 6H, Ph), 7.88–7.93 (m, 2H, Ph), 8.09–8.14 (m, 2H, Ph).  
13C{1H} NMR (50 MHz, CDCl3, ppm):  δ 116.0 (CHCHCH), 116.2 (CC), 117.3 
(CHCHCH), 118.6 (CC), 129.0 (CHCHCH), 129.1, 129.3, 129.4, 130.5, 132.0, 
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132.3, 133.9, 135.1 (Ph), 156.6 (NCPh), 166.0 (OCPh).  IR (KBr, cm-1):  1625 
(CN), 1596(Ph).  HRMS:  (M+) calcd 271.0097, obsd 271.0097.    
Attempted synthesis of 2-methyl-1,3-diphenyl-2,4-dihydro-
cyclopenta[c]pyrrole (26a).  Method A:  In a 125-mL round-bottom flask, 1a (250 
mg, 0.926 mmol) was added to a stirred suspension of NaBH4 (87.5 mg, 2.31 
mmol) in excess 40% aqueous methylamine (5 mL) and 40 mL of ethyl alcohol.  
The solution was allowed to reflux overnight.  The volatiles were removed in vacuo 
and the product was extracted with ethyl ether (4 x 20 mL).  The combined ether 
extracts were dried over MgSO4 and the volatiles were removed in vacuo to give a 
yellow solid.  Analysis by GCMS and 1H NMR showed 24a to be the main product, 
with no indication that the desired compound was present.  Method B:  Quantities 
and conditions were the same as method A, except that NaH (100 mg, 4.16 mmol) 
was used in place of NaBH4.  Again, analysis by GCMS and 1H NMR showed 24a 
to be the majority product, with no indication that the desired compound was 
present.           
Attempted synthesis of 1,3-diphenyl-2,4-dihydro-cyclopenta[c]pyrrole 
(26b).  The following is a modified procedure of Boger.102  In a 50-mL Schlenk 
flask, 25b (200 mg, 0.741 mmol) was added to a suspension of zinc dust (477 mg, 
7.41 mmol) in 10 mL of glacial acetic acid.  The suspension was allowed to stir at 
room temperature for 5 h.  A second portion of zinc dust (477 mg, 7.41 mmol) was 
added and the suspension was further stirred for 24 h.  The reaction was filtered, 
made basic with NH4OH, and the product was extracted with ethyl ether (4 x 20 
mL).  The combined ether extracts were dried over MgSO4 and the volatiles were 
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removed in vacuo to give a cream colored solid.  Analysis by 1H NMR and GCMS 
indicated a complex mixture of products, none of which matched the desired 
compound.   
Synthesis of 1,2-C5H3{C(NOMe)Ph}(COHPh)  (24c).  In a 125-mL Schlenk 
flask, 1a (500 mg, 1.82 mmol) was added to a stirred suspension of excess 
NH2OMe·HCl (2.00 g, 24.0 mmol) in 40 mL of 50/50 ethanol/pyridine.  The 
suspension was allowed to reflux for 4 h.  The volatiles were removed in vacuo and 
the product was isolated by chromatography using a thin pad of silica and 70/30 
pentane/toluene as eluent.  The volatiles were removed in vacuo to give 24c (310 
mg, 56.1%) as an orange powder. Slow recrystallization from ethyl ether at room 
temperature in air gave orange, single crystals.   Mp:  109–110 °C.  1H NMR (200 
MHz, CDCl3, ppm):  δ 3.95 (s, 3H, Me), 6.27 (dd, 1H, 3J = 4.6 Hz, 4J = 3.0 Hz, 
CHCHCH), 6.41 (dd, 1H, 3J = 3.0 Hz, 4J = 1.8 Hz, CHCHCH), 6.73 (dd, 1H, 3J = 4.6 
Hz, 4J = 1.8 Hz, CHCHCH), 7.35–7.50 (m, 8H, Ph), 7.69–7.74 (m, 2H, Ph), 16.60 
(s, 1H, OH).  13C{1H} NMR (50 MHz, CDCl3, ppm):  δ 62.4 (Me), 119.2 (CC), 122.5 
(CHCHCH), 125.1 (CC), 128.2 (CHCHCH), 128.3 (CHCHCH), 128.8, 129.3, 130.1, 
130.4, 132.9, 133.2, 136.6, 138.2 (Ph), 157.8 (MeONCPh), 173.9 (HOCPh).  IR 
(KBr, cm-1):  3448 (OH).  HRMS:  (M+) calcd 303.1259, obsd 303.1254.  Analysis 
Calc for C20H17NO2:  C, 79.19; H, 5.65; N, 4.62.  Found:  C, 79.20; H, 5.60; N, 
4.66.    
Attempted synthesis of 2-methoxy-1,3-diphenyl-2,4-dihydro-
cyclopenta[c]pyrrole (26c).  Method A:  In a 125-mL round-bottom flask, 24c 
(250 mg, 0.825 mmol) was added to a stirred suspension of NaBH4 (87.5 mg, 2.31 
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mmol) 40 mL of ethyl alcohol.  The solution was refluxed and monitored by TLC for 
the disappearance of starting material. After 18 h of reflux, the solution was 
allowed to cool to room temperature.  The volatiles were removed in vacuo and the 
product was extracted with ethyl ether (4 x 20 mL).  The combined ether extracts 
were dried over MgSO4 and the volatiles were removed in vacuo to give a yellow 
solid.  Analysis by GCMS and 1H NMR showed no indication of the desired product 
26c.  Method B:  In a 125 mL Schlenk flask, 24c (250 mg, 0.825 mmol) was 
added to a stirred solution of methanesulfonyl chloride (189 mg, 1.65 mmol), 
excess pyridine (5 mL), and 40 mL of ethyl ether.  The solution was allowed to stir 
at room temperature for 1 hour.  To the solution, excess NaBH4 (47 mg, 1.24 
mmol) was added and the suspension was allowed to stir overnight.  Analysis by 
GCMS and 1H NMR showed no indication of the desired product 26c.   
Synthesis of [Tl{1,2-C5H3(CPhNOMe)(COPh)}] (27a).  In a 125-mL 
Schlenk flask, TlOEt (572 mg, 2.29 mmol) was added via syringe to a stirred 
solution of 24c (632 mg, 2.09 mmol) in 30 mL of THF.  A yellow precipitate 
immediately formed.  The suspension was allowed to stir for two h at room 
temperature and the volatiles were removed in vacuo.  The crude, yellow solid was 
washed with 5 mL of cold ethyl ether and filtered to give 764 mg of 27a as a bright 
yellow solid (72.3%).  Mp:  140–170 °C (dec).  1H NMR (200 MHz, DMSO-d6 
ppm):  δ 3.70 (s, 3H, OMe), 5.80 (t, 1H, 3J = 3.6 Hz, CHCHCH), 5.85 (t, 1H, 3J = 
2.2 Hz, CHCHCH), 6.15 (dd, 1H, 3J = 3.6 Hz, 3J = 2.2 Hz, CHCHCH), 7.17–7.33 
(m, 6H, Ph), 7.43–7.55 (m, 4H, Ph).  13C{1H} NMR (50 MHz, DMSO-d6 ppm):  
δ 60.5 (Me), 110.3 (CHCHCH), 115.7 (CHCHCH), 116.2 (CC), 117.8 (CHCHCH), 
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121.7 (CC), 127.0, 127.1, 127.3, 127.6, 128.6, 128.8, 139.5, 143.4 (Ph), 157.8 
(MeONCPh), 186.7 (OCPh).  IR (KBr, cm-1):  2931 (Me), 1505 (CO).  MS(EI):  m/z 
507 (M+), 476 (M+ – OMe).  Analysis Calc. for C20H16NO2Tl:  C, 47.41; H, 2.76; N, 
3.18.  Found:  C, 47.55; H, 2.52; N, 3.07.                     
Synthesis of [Mn(CO)3{η5-1,2-C5H3(CPhNOMe)(COPh)}] (28a).  In a 125- 
mL Schlenk flask, [MnBr(CO)5] (194 mg, 0.707 mmol) was added to a stirred 
suspension of 27a (358 mg, 0.707 mmol) in 40 mL of benzene.  The solution was 
allowed to reflux overnight.  The reaction was cooled and passed through a thin 
pad of Celite.  The volatiles were removed in vacuo and trituration with cold 
pentane gave 28a (264 mg, 84.7%) as light brown powder.  Analysis by NMR 
indicated the presence of both the syn and anti isomers.  Slow recrystallization 
from ethyl ether at room temperature in air gave yellow, single crystals.   Mp:  50–
51 °C.  1H NMR (200 MHz, C6D6, ppm):  δ Minor Isomer:  3.32 (s, 3H, OMe), 3.64 
(t, 1H, 3J = 3.0 Hz, CHCHCH), 4.23 (dd, 1H, 3J = 4.5 Hz, 4J = 1.8 Hz, CHCHCH), 
4.48 (dd, 1H, 3J = 4.5 Hz, 3J = 1.8 Hz, CHCHCH).  Major Isomer:  3.56 (s, 3H, 
OMe), 3.88 (t, 1H, 3J = 3.0, CHCHCH), 4.18 (dd, 1H, 3J = 4.5, 3J = 1.8, CHCHCH), 
4.63 (dd, 1H, 3J = 4.5, 3J = 1.8, CHCHCH), 6.58–7.04 (m, Ar), 7.45–7.50 (m, Ar), 
7.65–7.68 (m, Ar).  13C{1H} NMR (50 MHz, C6D6, ppm):  δ 61.8 (OMe), 62.4 (OMe, 
minor isomer), 78.1 (CC), 81.7 (CHCHCH), 85.7 (CC), 86.9 (CHCHCH), 86.9 
(CHCHCH), 127.0, 129.5, 129.6, 129.7, 132.9, 133.0, 136.9, 137.7, 138.5 (Ar), 
149.9 (MeONCPh), 189.6 (OCPh), 224.4 (CO).  IR (KBr, cm-1):  2023, 1929 (CO).  
MS(EI):  m/z 441 (M+).  Analysis Calc. for C23H16NO5Mn:  C, 62.60; H, 3.65; N, 
3.17.  Found:  C, 62.81; H, 3.55; N, 3.12.                      
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 Synthesis of [Mn(CO)3{η5-1,2-C5H3(CPhNOMe)(CHOHPh)}] (29a).  
Method A:  In a 125-mL Schenk flask, 28a (150 mg, 0.340 mmol) was added to a 
stirred suspension of NaBH4 (87.5 mg, 2.31 mmol) 40 mL of ethyl alcohol.  The 
solution was refluxed overnight and the solution was allowed to cool to room 
temperature.  The volatiles were removed in vacuo and the product was extracted 
with ethyl ether (4 x 20 mL).  The combined ether extracts were dried over MgSO4 
and the volatiles were removed in vacuo.  Analysis by 1H NMR and IR indicated 
the presence 29a of only the starting material 28a and not the desired product.   
Method B:  In a 125-mL round-bottom flask, 28a (110 mg, 0.249 mmol) was added 
to a stirred suspension of lithium aluminum hydride (20.9 mg, 0.523 mmol) in 40 
mL of THF at 0 °C.  The solution was allowed to stir at 0 °C for 2 h.  The reaction 
was quenched with aqueous NH4Cl solution and filtered.  The organic layer was 
collected, water was added, and the product extracted with ethyl ether (4 x 20 mL). 
The ether extracts were collected, dried over MgSO4, and the volatiles were 
removed in vacuo.  The crude product was washed with hexanes and the product 
was isolated by a small pad of silica using ethyl ether as eluent.  The product was 
further purified by recrystallization from pentane to give 29a (16.5 mg, 15.5%) as a 
cream powder.  Method C:  To a 125 mL Schlenk flask, diisobutyl aluminum 
hydride (0.605 mL, 1.2 M in toluene, 0.726 mmol) was added to a solution of 28a 
(160 mg, 0.363 mmol) in 30 mL of toluene at 0 °C.  The reaction was allowed to 
warm to room temperature and stir overnight.  The reaction mixture was quenched 
with water and the organic layer was collected and dried over MgSO4.  The 
volatiles were removed in vacuo to give a crude, yellow solid.  The product was 
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recrystallized from hexanes to give 29a (54.9 mg, 35.4%) as a cream powder.   
Slow recrystallization from hexanes at room temperature in air gave light yellow, 
single crystals.   Mp:  124–126 °C.   1H NMR (200 MHz, C6D6, ppm):  δ 2.51 (d, 
1H, 4J = 4.4 Hz, OH), 3.80 (t, 1H, 3J = 2.6, CHCHCH), 3.85 (t, 1H, 3J = 2.6, 
CHCHCH), 3.93 (s, 3H, OMe), 4.06 (dd, 1H, 3J = 2.6 Hz, 4J = 1.8 Hz, CHCHCH), 
5.48 (d, 1H, 4J = 4.4 Hz, CH),  7.00–7.08 (m, 6H, Ar), 7.42–7.58 (m, 4H, Ar).  
13C{1H} NMR (50 MHz, C6D6, ppm):  δ 62.6 (OMe), 71.1 (CNPhN), 81.5 
(CHCHCH), 86.8 (CHCHCH), 114.9 (CC), 127.3, 129.8, 138.1, 142.8 (Ar), 151.7 
(CN), 225.4 (CO).   IR (KBr, cm-1):  2017, 1938 (CO).  MS(EI):  m/z 444 (M+ + 1) 
426 (M+ - OH).  Analysis Calc. for C23H18NO6Mn:  C, 62.31; H, 4.09; N, 3.16.  
Found:  C, 62.38; H, 4.06; N, 3.23.                         
         ┌––––┐ 
Synthesis of [Mn(CO)31,2-C5H3(CPhN)(CPhN)}] (30a). In a 125-mL 
Schlenk flask, 1c (160 mg, 0.388 mmol) was added to a solution of 1 mL of 
hydrazine hydrate and 30 mL methyl alcohol.  The solution was allowed stir at 
room temperature overnight.  Water was added to the reaction mixture, and a 
yellow precipitate formed.  The aqueous suspension was washed with ethyl ether 
(3 x 30 mL) and the ether layers were collected and dried over MgSO4.  The 
volatiles were removed in vacuo and the crude product was triturated with cold 
pentane to give 30a (96.8 mg, 61.1%) as a yellow powder.  Mp:  190–210 °C 
(dec).  1H NMR (200 MHz, CDCl3, ppm):  δ 5.36 (m, 1H, CHCHCH), 5.56 (m, 2H, 
CHCHCH), 7.53–7.56 (m, 6H, Ar), 7.93–8.02 (m, 4H, Ar).  13C NMR (50 MHz, 
CDCl3, ppm):  δ 74.2 (CHCHCH), 109.2 (CHCHCH), 120.6 (CC), 128.7, 129.2, 
130.2, 147.2 (Ar), 157.6 (CN), 221.9 (CO).  IR (KBr, cm-1):  2036, 1960, 1930 
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(CO).  MS(EI):  m/z 409 (M+ + 1).  Analysis Calc. for C22H13N2O3Mn:  C, 64.73; H, 
3.21; N, 6.86.  Found:  C, 64.18; H, 3.09; N, 6.80.            
                  ┌––––┐ 
Synthesis of [Mn(CO)31,2-C5H3(CTpN)(CTpN)}] (30b).  In a 125-mL 
Schlenk flask, 3c (191.3 mg, 0.451 mmol) was added to a solution of 1 mL of 
hydrazine hydrate and 30 mL methyl alcohol.  The solution was allowed stir at 
room temperature overnight.  To the reaction mixture, water was added and an 
orange precipitate formed.  The aqueous suspension was washed with ethyl ether 
(3 x 30 mL) and the ether layers were collected and dried over MgSO4.  The 
volatiles were removed in vacuo and the crude product was triturated with cold 
pentane to give 30b (177.8 mg, 93.0%) as an orange powder.  An analytically pure 
sample was obtained by washing with hot ethyl ether and collecting the 
undissolved product.  Mp:  140–150 °C (dec).  1H NMR (200 MHz, CDCl3, ppm):  
δ 5.41 (t, 1H, 3J = 3.0, CHCHCH), 5.56 (d, 2H, 3J = 3.0, CHCHCH), 7.23–7.27 (m, 
2H, Tp), 7.50–7.62 (m, 2H, Tp), 7.84–7.90 (m, 2H, Tp).  13C NMR (50 MHz, CDCl3, 
ppm):  δ 73.4 (CHCHCH), 109.5 (CHCHCH), 119.9 (CC), 128.5, 128.8, 130.8, 
139.8 (Tp), 151.2 (CN), 222.0 (CO).  IR (KBr, cm-1):  2030, 1940 (CO).  MS(EI):  
m/z 420 (M+).  Analysis Calc. for C18H9N2O3Mn:  C, 51.53; H, 2.16; N, 6.66.  
Found:  C, 51.43; H, 1.88; N, 6.44.  
 Attempted Synthesis of [Mn(CO)3{η5-NC7H3-1,3-Ph2}] (31).  The 
following is a modified procedure of Boger.102  In a 50 mL Schlenk flask, 30a (125 
mg, 0.306 mmol) was added to suspension of zinc dust (197 mg, 3.06 mmol) in 10 
mL of glacial acetic acid.  The suspension was allowed to stir at room temperature 
for 5 h.  A second portion of zinc dust (197 mg, 3.06 mmol) was added and the 
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suspension was further stirred for 24 h.  The reaction was filtered, made basic with 
NH4OH, and the product was extracted with ethyl ether (4 x 20 mL).  The 
combined ether extracts were dried over MgSO4 and the volatiles were removed in 
vacuo to give a cream colored solid.  Although IR indicated a tricarbonyl 
manganese product (intense stretches at 2019 and 1932 cm-1), analysis by 1H 
NMR indicated a complex mixture of products, none of which matched the desired 
compound.     
     Synthesis of 1,2-C5H3(CMeNOMe)(COHMe)  (24d).  In a 125-mL 
Schlenk flask, 2a (2.00 g, 13.3 mmol) was added to a suspension of excess 
NH2OMe·HCl (2.00 g, 24.0 mmol) in 40 mL of ethanol.  To the reaction, a saturated 
solution of aqueous Na2CO3 was added dropwise via a dropping funnel.  The 
reaction was allowed reflux mildly for 4 h and cool to room temperature.  Water 
was added and the reaction mixture was extracted with ethyl ether (3 x 40 mL).  
The combined ether extracts were dried over MgSO4 and the volatiles were 
removed in vacuo.  The product was isolated by chromatography using a thin pad 
of silica and 30/70 toluene/pentane as eluent.  The volatiles were removed in 
vacuo to give 24d (1.49 g, 62.2%) as a yellow crystalline solid.  Mp:  68–70 °C.  1H 
NMR (200 MHz, CDCl3, ppm):  δ 2.31 (s, 3H, Me), 2.74 (s, 3H, Me), 3.97 (s, 3H, 
OMe), 6.33 (dd, 1H, 3J = 4.8 Hz, 3J = 3.4 Hz, CHCHCH), 6.92–6.97 (m, 2H, 
CHCHCH), 16.78 (s, 1H, OH).  13C NMR (50 MHz, CDCl3, ppm):  δ 12.8, 22.3 
(Me), 61.9 (MeO), 118.5 (CC), 120.9 (CHCHCH), 123.4 (CC), 129.1 (CHCHCH), 
131.0 (CHCHCH), 155.8 (CNOMe), 176.4 (COH).  IR (KBr, cm-1):  3443 (OH), 
1428 (CN), 1053 (CO).  HRMS:  (M+) calcd 179.0941, obsd 179.0935.  Analysis 
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Calc. for C10H13NO2:  C, 67.02; H, 7.31; N, 7.82.  Found:  C, 67.79; H, 7.87; N, 
7.03.            
Attempted synthesis of 2-methoxy-1,3-dimethyl-2,4-dihydro-
cyclopenta[c]pyrrole (26d).  In a 125-mL Schlenk flask, 24d (250 mg, 1.39 mmol) 
was added to a stirred suspension of NaBH4 (87.5 mg, 2.31 mmol) 40 mL of ethyl 
alcohol.  The solution was allowed to reflux for 8 h and cooled to room 
temperature.  The volatiles were removed in vacuo and the product was extracted 
with ethyl ether (4 x 20 mL).  The combined ether extracts were dried over MgSO4 
and the volatiles were removed in vacuo to give a yellow solid.  Analysis by 1H 
NMR showed no indication of the desired product 26d, with the only identifiable 
component being the starting material 24d.        
 Synthesis of [Tl{1,2-C5H3(CMeNOMe)(COMe)}] (27b).  In a 125-mL 
Schlenk flask, TlOEt (1.25 g, 4.99 mmol) was added via syringe to a stirred 
solution of 24c (894 mg, 4.99 mmol) in 30 mL of THF.  A white precipitate 
eventually formed.  The suspension was allowed to stir for six h at room 
temperature and the volatiles were removed in vacuo.  The crude, white solid was 
washed with 5 mL of cold ethyl ether and filtered to give 27b (1.18 g, 61.8%) as a 
white solid.  Mp:  117–121 °C (dec).  1H NMR (200 MHz, DMSO-d6 ppm):  δ 2.01 
(s, 3H, Me), 2.17 (s, 3H, Me), 3.72 (s, 3H, OMe), 5.55 (t, 1H, 3J = 3.2 Hz, 
CHCHCH), 5.72–5.82 (m, 1H, CHCHCH), 6.27–6.34 (m, 1H, CHCHCH).  13C{1H} 
NMR (50 MHz, DMSO-d6 ppm):  δ  18.2, 27.2 (Me), 60.2 (OMe), 108.1 (CHCHCH), 
114.8 (CHCHCH), 116.1 (CHCHCH), 122.3 (CC), 123.4 (CC), 158.0 (MeONCMe), 
189.4 (OCMe).  IR (KBr, cm-1):  2930 (Me), 1599 (CO).  MS(EI):  m/z  384 (M+).  
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Analysis Calc. for :  C, 31.39; H 3.16; N, 3.66.  Found:  C, 31.26; H, 3.06; N, 3.54.          
     Synthesis of [Mn(CO)3{η5-1,2-C5H3(CMeNOMe)(COMe)}] (28b).  In a 125- mL 
Schlenk flask, [MnBr(CO)5] (265 mg, 0.964 mmol) was added to a stirred 
suspension of 27b (370 mg, 0.964 mmol) in 40 mL of benzene.  The solution was 
allowed to reflux overnight.  The reaction was cooled and passed through a thin 
pad of Celite.  The crude product was washed with hexanes, filtered, and the 
volatiles were removed in vacuo to give 28b (247 mg, 81.0%) as an amber oil.    
An analytically pure sample was obtained by recrystallization from hot pentane.  
The product was isolated as a bright yellow solid.  Mp:  40–41 °C.  1H NMR (200 
MHz, C6D6, ppm):  δ 1.90 (s, 3H, Me), 1.98 (s, 3H, Me), 3.63 (t, 1H, 3J = 2.8 Hz, 
CHCHCH), 3.68 (s, 3H, OMe), 4.29 (dd, 1H, 3J = 2.8 Hz, 4J = 1.8 Hz, CHCHCH), 
4.39 (dd, 1H, 3J = 2.8 Hz, 4J = 1.8 Hz, CHCHCH).  13C{1H} NMR (50 MHz, C6D6, 
ppm):  δ 16.6, 28.4 (Me), 62.1 (OMe), 80.2 (CHCHCH), 86.6 (CHCHCH), 87.3 
(CHCHCH), 94.4 (CC), 104.4 (CC), 150.0 (CNOMe), 194.9 (COMe), 224.0 (CO).  
IR (KBr, cm-1):  2026, 1946, 1926 (CO).  MS(EI):  m/z  317 (M+).  Analysis Calc. 
for C13H12NO5Mn:  C, 49.23; H, 3.81; N, 4.42.  Found:  C, 49.20; H, 4.08; N, 4.41.         
 
 Synthesis of [Mn(CO)3{η5-1,2-C5H3(CMeNOMe)(CHOHMe)}] (29b).  In a 
125- mL Schlenk flask, NaBH4 (250 mg, 6.61 mmol) was added to a solution of 
28b (247 mg, 0.779 mmol) in 40 mL of ethyl alcohol.  The reaction was allowed to 
stir overnight at room temperature.  The volatiles were removed in vacuo and the 
crude reaction mixture was washed with ethyl ether.  The ether washing were 
washed with water (3 x 30 mL), dried over MgSO4, filtered, and the volatiles were 
removed in vacuo to give 29b (137 mg, 55.2%) as a light yellow oil.  Analysis of the 
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product by 1H NMR and TLC indicated a complex mixture of isomers.  Separation 
of the isomers was not attempted.  1H NMR (200 MHz, C6D6, ppm):  δ 1.66 (d, 6H, 
3J = 3.4, Me), 3.46–3.56 (m, 7H, OMe and CHCHCH), 3.74 (d, 2H, 3J = 3.4, 
CHMeOH), 4.10 (s, 3H, OMe), 4.34 (m, 1H, CHCHCH), 4.49 (m, 1H, CHCHCH).  
13C{1H} NMR (50 MHz, C6D6, ppm):  δ 13.6, 14.3, 19.6, 23.9 (Me), 62.2, 62.2, 
62.9, 63.6 (OMe), 77.9, 78.1 (CHCHCH), 84.3, 84.5, (COH),  83.5, 86.1 
(CHCHCH), 95.1, 96.4 (CHCHCH), 108.4 (CC), 112.5 (CC), 151.8, 152.2 
(CNOMe), 225.0 (CO).  IR (KBr thin film, cm-1):  3404 (vb, OH), 2020, 1931 (CO).  
MS(EI):  m/z  319 (M+).  Analysis Calc. for C13H14NO5Mn:  C, 48.92; H, 4.42; N, 
4.39.  Found:  C, 49.59; H, 4.23; N, 5.27.  
 Attempted Synthesis of [Mn(CO)3{η5-N(OMe)C7H5-1,3-Me2}] (32).  
Method A:  To a 125 mL-Schlenk flask, NaBH3CN (49.8 mg, 0.780 mg) was added 
to a solution of 28b (100 mg, 0.312 mmol) in 40 mL of ethyl alcohol.  The reaction 
was allowed to reflux overnight.  The volatiles were removed in vacuo and crude 
reaction mixture was washed with ethyl ether.  The volatiles were removed in 
vacuo to give an amber oil.  Analysis of the reaction mixture by 1H NMR indicated 
only the presence of starting material and not the desired product 32.  Method B:  
To a 125 mL Schlenk flask, BF3•Et2O (0.893 g, 1.00 mL, 6.30 mmol) was added 
via syringe to a solution of 29b (100 mg, 0.312 mmol) and 40 of THF at 0 °C.  The 
solution immediately darkened.  The reaction was allowed to stir at 0 °C for 30 
minutes.  To the reaction, triethylamine (0.728 g, 1.00 mL, 7.19 mmol) was added 
via syringe.  The reaction was continued to stir at room temperature.  The volatiles 
were removed in vacuo to give a dark brown oil.  Analysis of the reaction mixture 
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by 1H NMR indicated only decomposition of starting material and not the desired 
product 32.  Method C:  To a 125 mL Schlenk flask at -10 °C, methanesulfonyl 
chloride (54.2 mg, 0.0366 mL, 0.472 mmol), was added to a stirred solution of 29b 
(137 mg, 0.429 mmol), triethylamine (60.2 mg, 0.0827 mL, 0.644 mmol), and 40 
mL of methylene chloride.  The reaction was allowed to stir for 30 minutes.  The 
reaction mixture was then washed with ice water, 10% HCl, saturated NaHCO3 
solution, and saturated NaCl solution.  The methylene chloride layer was dried 
over MgSO4, filtered, and the volatiles were removed in vacuo to give a dark brown 
oil.  Analysis of crude product by 1H NMR indicated a complex mixture of products, 
none of which could be attributed to the desired product 32.         
 Synthesis of 1,2-C5H3(CMeNHMe)(COMe)  (24e).  To a 125-mL Schlenk 
flask, 2a (274 mg, 1.83 mmol) was added via syringe to a stirred solution of 20 mL 
of 40% aqueous methylamine.  The solution was allowed to stir at room 
temperature for 3 h.  A light yellow precipitate eventually formed.  The reaction 
mixture was extracted with ethyl ether (3 x 30 mL).  The ether extracts were 
collected, dried over MgSO4, filtered, and the volatiles were removed in vacuo to 
give 24e (256 mg, 86.1 %) as a light yellow powder.  Mp:  106–107 °C.  1H NMR 
(200 MHz, CDCl3, ppm):  δ 2.46 (s, 3H, Me), 2.53 (s, 3H, Me), 3.18 (d, 3H, 3J = 4.8 
Hz, Me), 6.25 (t, 1H, 3J = 4.0 Hz, CHCHCH),  7.07 (dd, 1H, 3J = 4.0 Hz, 3’J = 1.8 
Hz, CHCHCH), 7.28 (dd, 1H, 3J = 4.0 Hz, 3’J = 1.8 Hz, CHCHCH), 13.98 (bs, 1H, 
NH…O).  13C{1H} NMR (50 MHz, CDCl3, ppm):  δ 16.4, 27.0, 31.2 (Me), 116.6 
(CHCHCH),  118.4 (CC), 124.8 (CC), 129.6 (CHCHCH), 134.0 (CHCHCH), 166.1 
(CNMe), 192.8 (CO).  IR (KBr thin film, cm-1):  3427 (OH), 1655 (CO).  HRMS:  
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(M+) calcd 163.0992, obsd 163.0992.  Analysis Calc. for C10H13NO:  C, 73.59; H, 
8.03; N, 8.58.  Found:  C, 73.48; H, 8.14; N, 8.55.  
 Attempted Synthesis of [Mn(CO)3{η5-1,2-C5H3(CMeNMe)(COMe)}] (33).  
Method A:  To a 125-mL Schlenk flask, potassium tert-butoxide (80.0 mg, 0.714 
mmol) was added to a solution of 24e (108 mg, 0.663 mmol) in 40 mL of THF at 0 
°C.  The reaction was allowed to warm to room temperature and stir for 30 
minutes.  To the reaction, [MnBr(CO)5] (182 mg, 0.663 mmol) was added the 
suspension was allowed to reflux overnight.  The reaction mixture was allowed to 
cool and the violatiles were removed in vacuo.  The crude product was washed 
with ethyl ether, filtered, and the volatiles were removed in vacuo.  Analysis of the 
product by 1H NMR gave no indication of the desired product 33.  Method B:  To a 
125 mL Schlenk flask, 24e (250 mg, 1.53 mmol) was added to a solution of LDA 
(made in situ from 0.214 mL of diisopropylamine and 0.612 mL of 2.5 M n-
butyllithium in hexanes) in 40 mL of ether at -78 °C.  The reaction was allowed to 
warm to room temperature and stir for 30 minutes.  To the reaction, [MnBr(CO)5] 
(421 mg, 01.53 mmol) was added the suspension was allowed to reflux overnight.  
The reaction was allowed to cool, filtered, and the violatiles were removed in 
vacuo.  Recrystallization of the crude reaction in hexanes afforded only the starting 
material 24e and not the desired product 33.  Method C:  The following is a 
modified procedure from Ashe and coworkers.103  To a 125 mL Schlenk flask, 24e 
(250 mg, 1.53 mmol) was added to a solution of LDA (made in situ from 0.214 mL 
of diisopropylamine and 0.612 mL of 2.5 M n-butyllithium in hexanes) in 40 mL of 
ether at -78 °C.  The reaction was allowed to warm to room temperature and stir 
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for 2.5 h.  The reaction was cooled to -78 °C and [Mn(CO)3(CNMe)3]PF6 (612 mg, 
1.53 mmol) was added.  The reaction was allowed to warm to room temperature 
and stir for an additional 5 h.  The reaction mixture was filtered and the volatiles 
were removed in vacuo.  Analysis of the crude product by 1H NMR indicated the 
presence of the starting material 24e and not the desired product 33.   
 Synthesis of [Mn(CO)3{η5-1,2-C5H3(CMeNMe)2}] (34).  To a 125 mL 
Schlenk flask, 2c (120 mg, 0.417 mmol) was added to a solution of 30 mL 40% 
aqueous methylamine.  The suspension was allowed to stir for 2 h at room 
temperature. The reaction mixture was washed with ethyl ether (3 x 30 mL).  The 
ether layers were collected, dried over MgSO4, and the the violatiles were removed 
in vacuo to give a yellow oil.  Recrystallization of the crude product from hot 
hexanes gave 34 (57.6 mg, 44.0%) as a yellow oil.   1H NMR (200 MHz, CDCl3, 
ppm):  δ 1.62 (s, 6H, Me), 2.92 (s, 6H, Me), 3.81 (t, 1H, 3J = 3.0 Hz, CHCHCH), 
4.53 (d, 2H, 3J = 3.0 Hz, CHCHCH).  13C{1H} NMR (50 MHz, CDCl3, ppm):  δ 18.3, 
39.4 (Me), 80.3 (CHCHCH), 84.8 (CHCHCH), 105.6 (CC), 162.4 (MeCNMe), 225.4 
(CO).  IR (KBr, cm-1):  2017, 1930 (CO).  MS(EI):  m/z  315 (M+ + 1).  Analysis 
Calc. for C14H15N2O3:  C, 53.51; H, 4.81; N, 8.92.  Found:  C, 53.32; H, 4.63; N, 
8.22.                      
 Synthesis of [Mn(CO)3{η5-1,2-C5H3(CHMeNHMe)2}] (35).  To a 125 mL 
Schlenk flask, 2c (200 mg, 0.694 mmol) was added to a solution of 30 mL 40% 
aqueous methylamine.  The suspension was allowed to stir for 2 h at room 
temperature. To the reaction, NaBH4 (300 mg, 7.94 mmol) was added.  The 
reaction was allowed to stir overnight.  To the reaction mixture, water was added 
  
 
185
and the aqueous layer was washed with ethyl ether (3 x 30 mL).  The ether layers 
were collected, dried over MgSO4, and the the violatiles were removed in vacuo to 
give an amber oil.  The crude product was washed with hexanes, filtered, and the 
volatiles were removed in vacuo to give 35 (90.4 mg, 40.9%) as a yellow oil.  
Analysis of the product indicated a complex mixture of isomers, two major and two 
minor.  Only the resonances of the major isomers could be determined in full and 
are reported. 1H NMR (200 MHz, CDCl3, ppm):  Isomer A:  δ 1.09 (d, 6H, 3J = 6.2 
Hz, Me), 2.21 (s, 6H, NHMe), 2.66 (q, 2H, 3J = 6.2 Hz, CHMe), 3.72 (t, 1H, 3J = 2.6 
Hz, CHCHCH), 3.92 (d, 2H, 3J = 2.6 Hz, CHCHCH).  Isomer B:  δ 1.02 (d, 6H, 3J = 
6.2 Hz, Me), 2.01 (s, 6H, NHMe), 3.19 (q, 2H, 3J = 6.2 Hz, CHMe), 3.65 (t, 1H, 3J = 
2.8 Hz, CHCHCH), 4.63 (d, 2H, 3J = 2.8 Hz, CHCHCH). 13C{1H} NMR (50 MHz, 
CDCl3, ppm):  Isomer A:  δ 22.5 (Me), 37.6 (CHMe), 59.6 (NHMe), 78.6 
(CHCHCH), 83.8 (CHCHCH), 114.6 (CC).  Isomer B:  δ 19.4 (Me), 35.0 (CHMe), 
51.6 (NHMe), 75.2 (CHCHCH), 81.6 (CHCHCH), 110.2 (CC), 226.2 (CO).  IR (KBr 
thin film, cm-1):  2015, 1921 (CO).  MS(EI):  m/z  319 (M+ + 1).             
  Attempted Synthesis of [Mn(CO)3{η5-N(Me)C7H5-1,3-Me2}] (36).  In a 
125 mL Schlenk flask, 2c (250 mg, 0.868 mmol) was added to a suspension of 
NaCNBH3 (136 mg, 2.17 mmol), 5 mL of 40% aqueous methylamine, and 30 mL of 
ethyl alcohol.  The reaction was allowed to reflux overnight.  The reaction mixture 
was allowed to cool, the volatiles were removed in vacuo, and the crude product 
was washed with ethyl ether.  The ether extracts with were washed with water (3 x 
30 mL), dried over MgSO4, the volatiles were removed in vacuo to give an amber 
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oil.  Analysis of the crude product by 1H NMR indicated the presence of 34 as the 
only identifiable product and not the desired product 36.   
 Synthesis of [Mn(CO)3{η5-1,2-C5H3(CMeN-4-Tol)(COMe)}] (37).  In a 125- 
mL Schlenk flask, 2c (200 mg, 0.694 mmol) was added to a suspension of 4-
toluidine (500 mg, 4.67 mmol) and molecular sieves (2 grams) in 40 mL of 
methylene chloride.  The reaction was allowed to reflux overnight and cooled to 
room temperature.  The reaction mixture was filtered through a thin pad of Celite 
and the the volatiles were removed in vacuo.  The crude product was dissolved in 
ethyl ether, washed with dilute acetic acid (5%, 3 x 30 mL), and then washed with 
water.  The ether layer was dried over MgSO4 and the volatiles were removed in 
vacuo to give an amber oil.  The product was further purified by recrystallization 
from hot pentane to give 37 (108 mg, 41.3%) as an amber oil.  Analysis of the 
product by 1H and 13C NMR indicated the presence of two isomers (anti and syn).  
Only the 13C NMR of the major isomer is reported.  1H NMR (200 MHz, C6D6, 
ppm):  Major isomer:  δ 1.77 (s, 3H, Me), 1.87 (s, 3H, Me), 2.11 (s, 3H, Me), 3.68 
(m, 1H, CHCHCH), 4.42 (m, 1H, CHCHCH), 4.58 (m, 1H, CHCHCH).  Minor 
isomer:  δ 1.97 (s, 3H, Me) 2.08 (s, 6H, Me), 3.83 (m, 1H, CHCHCH), 4.32 (m, 1H, 
CHCHCH), 4.42 (m, 1H, CHCHCH).  6.69 (dd, 2H, 3J = 5.6 Hz, 3J’ = 3.0 Hz, Ar), 
6.94 (3J = 5.6 Hz, 3J’ = 3.0 Hz, Ar).  13C NMR (50 MHz, C6D6, ppm):  δ 19.8, 20.5, 
21.1 (Me), 79.7 (CHCHCH), 86.2 (CHCHCH), 87.6 (CHCHCH), 104.6 (CC), 106.6 
(CC), 119.8, 130.3, 133.3, 148.6 (Ar), 162.5 (CN), 195.6 (MeCO), 224.1 (CO).  IR 
(KBr thin film, cm-1):  2023, 1941 (CO).  MS(EI):  m/z 378 (M+ + 1).  Analysis 
  
 
187
Calc. for C19H16NO4Mn:  C, 60.49; H, 4.27; N, 3.71.  Found:  C, 63.04; H, 3.47; N, 
5.04.                                          
Synthesis of [Mn(CO)3{η5-1,2-C5H3(CMeN-4-Tol)(CHOHMe)}] (38).  To a 
125 mL Schlenk flask, 37 (50.0 mg, 0.134 mmol) was added to a suspension of 
NaBH4 (100 mg, 2.65 mmol) in 30 mL of ethyl alcohol.  The reaction was allowed 
to stir at room temperature for 3 h.  The volatiles were removed in vacuo and the 
crude product was washed with ethyl ether.  The ether washing were collected, 
washed with water (3 x 30 mL), and dried over MgSO4.  The volatiles were 
removed in vacuo to give 38 (21.6 mg, 43.6%) as light yellow oil.  Analysis of the 
product by NMR indicated a complex mixture of isomers.  Only one, major isomer 
is reported.  1H NMR (200 MHz, C6D6, ppm):  δ 1.05 (s, 3H, Me), 1.54 (s, 3H, Me), 
2.14 (s, 3H, Me), 3.80 (m, 1H, CHCHCH), 4.13 (m, 1H, CHCHCH), 4.47 (m, 1H, 
CHCHCH), 4.90 (m, 1H, CH), 6.69–6.70 (m, 2H, Ar), 6.93–7.00 (m, 2H, Ar).   13C 
NMR (50 MHz, C6D6, ppm):  δ 18.3, 22.3, 24.9 (Me), 76.6 (CHCHCH), 82.8 
(CHCHCH), 86.4 (CHCHCH), 88.3 (COH), 106.1 (CC), 109.4 (CC), 115.1, 119.9, 
130.6, 133.6 (Ar), 163.5 (CN), 225.3 (CO). IR (KBr thin film, cm-1):  3392 (OH), 
2017, 1918 (CO).  MS(EI):  m/z 381 (M+ ).  Analysis Calc. for C19H16NO4Mn:  C, 
60.17; H, 4.78; N, 3.69.  Found:  C, 63.23; H, 5.55; N, 4.43.                                          
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Results 
 
Synthesis.  Reaction of 1,2-C5H3(CPhOH)(COPh) (1a) with aqueous 
methylamine and NaBH4 refluxing in ethyl alcohol did not afford the anticipated 
5,5-fused-ring pyrrole, 2-methyl-1,3-diphenyl-2,4-dihydro-cyclopenta[c]pyrrole 
(26a) (Scheme 3.2).  Instead, the enamine 1,2-C5H3(CPhNHMe)(COPh) (24a)  
was isolated.  The enamine 24a could be synthesized by stirring 1a in a solution of 
aqueous methylamine and ethyl alcohol at room temperature in good yield 
(61.1%).  Further attempts to form the pyrrole 26a by employing a stronger 
reducing agent (NaH) failed.  Attempts to form the unsubstituted fused-ring pyrrole 
1,3-diphenyl-2,4-dihydro-cyclopenta[c]pyrrole  (26b)     via    ring    contraction    of 
       ┌––––┐ 
 the    pyridazine   1,2- C5H3(CPhNH)(CPhN) (25b) also failed (Figure 3.2).  
Treating 25b with a suspension of activated zinc powder and glacial acetic acid 
afforded a complex mixture of products, none of which matched the desired pyrrole 
26b.  Reaction of [Mn(CO)3{η5-1,2-C5H3(COPh)2}] (1c) with a solution of excess              
hydrazine  hydrate  and  ethanol at room temperature afforded pyridazine complex,  
    ┌––––┐  
[Mn(CO)31,2-C5H3(CPhN)(CPhN)}]   (30a)   in   good   yield   (61.1%).  Likewise,                       
                                                 ┌––––┐ 
synthesis of [Mn(CO)31,2-C5H3(CTpN)(CTpN)}] (30b) was accomplished under the 
same conditions with [Mn(CO)3{η5-1,2-C5H3(COTp)2}] (3c) in high yield (93.0%).    
Reaction of complex 30a with activated zinc and glacial acetic acid failed to give 
the desired ring-contraction product, [Mn{η5-NC7H3-1,3-Ph2}(CO)3] (31).  As with 
the off-metal contraction, the product was a complex mixture with no indication of 
the desired complex 31.      
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Attempts to form the N-hydroxy enamine by refluxing fulvene 1a in a 
suspension of excess NH2OH·HCl in pyridine/ethyl alcohol for 72 h afforded 
instead the unsubstituted enamine 1,2-C5H3(CPhNH2)(COPh) (24b) in moderate 
yield (28.1%) (Figure 3.2).  Intentional formation of the unsubstituted enamine 24b 
was accomplished in good yield (70.5%) employing identical reaction conditions 
with NH4Cl as the nitrogen source (Scheme 3.2).  When  the  reaction  time  of  the  
fulvene  1a  with  NH2OH·HCl  was  limited  to overnight, the     5,6-fused ring 
oxime 1,2-C5H3(CPhN)(CPhO) (25a) was isolated in good yield (60.7%) (Figure 
3.2). 
 Reaction of fulvene 1a with excess NH2OMe·HCl in pyridine/ethyl alcohol 
reflux afforded the methoxyimine enol 1,2-C5H3(CPhNOMe)(COHPh)  (24c) in 
good yield (56.1%) (Scheme 3.2).  Attempts to form the corresponding pyrrole, 2-
methoxy-1,3-diphenyl-2,4-dihydro-cyclopenta[c]pyrrole (26c), by refluxing 24c in a 
suspension of NaBH4 and ethyl alcohol failed, leading to decomposition of the 
starting material (Scheme 3.3).  Addition of an oxophilic agent (methanesulfonyl 
chloride) followed by reduction with NaBH4 also failed to give the desired ring- 
closed product 26c.  Reaction of 24c with one equivalent of TlOEt in THF at room 
temperature afforded the corresponding thallium salt [Tl{1,2-
C5H3(CPhNOMe)(COPh)}] (27a) in good yield (72.3%).  Refluxing the salt 27a with 
one equivalent of [Mn(CO)5Br] afforded the methoxyimine keto manganese 
fragment [Mn(CO)3{η5-1,2-C5H3(CPhNOMe)(COPh)}] (28a) in high yield (84.7%).  
Analysis of the product by 1H and 13C NMR indicated the presence of two isomers, 
the syn and anti product.  Numerous attempts to convert complex 28a to the ring  
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Scheme 3.2.    Synthesis of enamines 24a and 24b and enolimine 24c. 
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Figure  3.2.    A)  Attempted synthesis of 1,3-diphenyl-2,4-dihydro-
cyclopenta[c]pyrrole (26b) via ring contraction.  B)  Synthesis of oximine 25a and 
enamine 24b from 1a.   
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Scheme 3.3.  Synthesis employing enolimine 24c. 
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closed product, [Mn{η5-N(OMe)C7H3-1,3-Ph2}(CO)3] (29), employing various 
reducing agents and Lewis acids failed.  The isolated product via either LAH or 
diisobutyl aluminum hydride gave the reduced product, [Mn(CO)3{η5-1,2-
C5H3(CPhNOMe)(CHOHPh)}] (29a) in moderate yield (35.4%).       
Similarly to the dibenzoyl case, reaction of 1,2-C5H3(CMeOH)(COMe)  2a 
with NH2OMe·HCl in solution of Na2CO3 and ethyl alcohol/water yielded the 
corresponding methoxyimine 1,2-C5H3(CMeNOMe)(COHMe)  (24d) in good yield 
(62.2%).  Like the methoxyimine enol diphenyl fulvene 24c, the methyloxyimine 
24d failed to ring-close with NaBH4 to give the desired 5,5-fused ring pyrrole, 2-
methoxy-1,3-dimethyl-2,4-dihydro-cyclopenta[c]pyrrole (26d). Reaction of 24d with 
one equivalent of TlOEt afforded the thallium salt [Tl{1,2-
C5H3(CMeNOMe)(COMe)}] (27b) in good yield (61.8%).  Refulxing the thallium salt 
27b in benzene with one equivalent of [Mn(CO)5Br] afforded the methoxyimine 
keto tricarbonylmanganese product [Mn(CO)3{η5-1,2-C5H3(CMeNOMe)(COMe)}] 
(28b) in high yield (81.0%).  Refluxing the manganese fragment 28b in a 
suspension of NaBH3CN and ethyl alcohol failed to give the desired product 
[Mn(CO)3{η5-N(OMe)C7H5-1,3-Me2}] (32).  Formation of the reduction product, 
[Mn(CO)3{η5-1,2-C5H3(CMeNOMe)(CHOHMe)}] (29b), was accomplished by 
stirring 28b at room temperature in a suspension of NaBH4 and ethyl alcohol.  
Reaction of the methoxyimine alcohol 29b with BF3•Et2O led to decomposition of 
the starting materal, not the desired ring-closed product 32.  Likewise reaction of 
29b with methanesulfonyl chloride led to mixture of products, none of which could 
be attributed to 32.  
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Scheme 3.4.   Synthesis employing enolimine 24d. 
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Reaction of the methyl fulvene 2a with aqueous methylamine afforded the 
keto methylamine 1,2-C5H3(CMeNHMe)(COMe) (24e) in high yield (86.1%).  
Various attempts to metallate to form the desired 1,2-acetyl methylimine complex, 
[Mn(CO)3{η5-1,2-C5H3(CMeNMe)(COMe)}] (33), failed.  Reaction of the 1,2-
diacetyl manganese complex 2c with aqueous methylamine gave the diimine 
product, [Mn(CO)31,2-C5H3(CMeNMe)2] (34), in moderate yield (44.0%).  The 
reduction product of 34, [Mn(CO)3{η5-1,2-C5H3(CHMeNHMe)2}] (35), could be 
conveniently synthesized in moderate yield (40.9%) by formation first of the diimine 
complex 34 followed by in situ reduction employing excess NaBH4.  Attempts to 
form the ring-closed complex [Mn(CO)3{η5-N(Me)C7H5-1,3-Me2}] (36) employing 
the diacetyl complex 2c, aqueous methylamine, and NaBH3CN, failed, giving the 
dimine complex 34 as the only identifiable product. 
Reaction of 2c with excess 4-toluidine in the presence of molecular sieves 
afforded the imine product, [Mn(CO)3{η5-1,2-C5H3(CMeN-4-Tol)(COMe)}] (37), in 
moderate yield (41.3%).  Reaction of 24 with excess NaBH4 afforded only the 
mono reduction product, [Mn(CO)3{η5-1,2-C5H3(CMeN-4-Tol)(CHOHMe)}] (38).  
Analysis of the product gave no indication of a ring-closed product.                       
Structure. The structures of 1,2-C5H3(CPhOH)(COPh) (1a),  1,2-
C5H3(CPhNHMe)(COPh)     (24a),        1,2-C5H3(CPhNH2)(COPh)       (24b), 1,2-
C5H3(CPhNOMe)(COHPh)  (24c),  1,2-C5H3(CPhN)(CPhO)  (25a), [Mn(CO)3{η5-
1,2-C5H3(CPhNOMe)(COPh)}] (28a), and [Mn(CO)3{η5-1,2-
C5H3(CPhNOMe)(CHOHPh)}] (29a) were determined by X-ray crystallographic 
methods.  Chapter 2 lists the conditions for crystal growth, mounting, data 
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collection, and crystallographic programs.  Compounds 1a, 24a–24c, 25a, 28a, 
and 29a are shown in Figures 3.3–3.9.  Crystal structure and refinement data for 
compounds 1a, 24a–24c, 25a, 28a and 29a can be found on Table 3.1–3.3.  Bond 
distances and angles for 1a, 24a–24c, 25a, 28a and 29a can be found in Tables 
3.3–3.5.  For 25a, only crystallographically unique bond lengths and angles are 
reported.  Additional crystal structure data for compounds 1a, 24a–24c, 25a, 28a 
and 29a can be found in Tables A.9.1–A.15.5. 
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Figure 3.3.  Molecular structure of 1,2-C5H3(CPhOH)(COPh) (1a). 
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Figure 3.4. Molecular structure of 1,2-C5H3(CPhNHMe)(COPh) (24a). 
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Figure 3.5.  Molecular structure of 1,2-C5H3(CPhNH2)(COPh) (24b). 
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Figure 3.6. Molecular structure 1,2-C5H3(CPhNOMe)(COHPh)  (24c). 
 
 
 
 
 
 
 
 
 
 
  
 
201
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                              ┌––––┐ 
Figure 3.7.  Molecular structure of 1,2-C5H3(CPhN)(CPhO)  (25a). 
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Figure 3.8. Molecular structure of [Mn(CO)3{η5-1,2-C5H3(CPhNOMe)(COPh)}] 
(28a).   
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Figure 3.9. Molecular structure of [Mn(CO)3{η5-1,2-C5H3(CPhNOMe)(CHOHPh)}] 
(29a).   
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Table 3.1.  Crystal Data and Structure Refinement for Compounds 1a, 24a, and 
24b.  
 
 1a 24a 24b 
Formula C19H14O2 C20H17NO C19H15NO 
Formula wt (amu) 274.30 287.35 273.32 
T, K 90.0(2) 90.0(2) 90.0(2) 
Crystal system Monoclinic Monoclinic Monoclinic 
Space group P2 P21/n P21/c 
Z 4 4 4 
a, Å 7.0950(2) 7.2949(2) 7.0976(2) 
b, Å 26.2840(7) 10.9012(3) 26.3688(8) 
c, Å 7.5340(2) 20.0492(5) 7.5253(3) 
α,(deg) 90 90 90 
β, (deg) 96.5270(11) 96.0765(11) 114.9650(14) 
γ, (deg) 90 90 90 
V, Å3 1395.87(7) 1585.42(7) 1399.76(8) 
dcalc, Mg/m3 1.305 1.204 1.297 
F(000) 576 608 576 
Crystal size (mm3) 0.20 x 0.20 x 
0.08 
0.30 x 0.20 x 
0.20 
0.25 x 0.15 x 
0.11 
Radiation Mo Kα (λ = 
0.7107 Å) 
Mo Kα (λ = 
0.7107 Å) 
Mo Kα (λ = 
0.7107 Å) 
Monochromator Graphite Graphite Graphite 
Absorption coef µ (mm-1) 0.084 0.074 0.080 
Diffractometer NONIUS 
KappaCCD 
NONIUS 
KappaCCD 
NONIUS 
KappaCCD 
2θ range (deg) 1.55 to 25.00 2.04 to 25.00 1.54 to 27.46 
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Table 3.1. continued. 
 
Limiting indices -8≤h≤8 -8≤h≤8 -9≤h≤9 
  -31≤k≤31 -12≤k≤12 -34≤k≤33 
 -8≤l≤8 -23≤l≤23 -9≤l≤9 
Reflections collected 4841 5408 6047 
Independent reflections 2455 (Rint = 
0.0715) 
2786 (Rint = 
0.0621) 
3194  (Rint =  
0.0713) 
Absorption correction Semi-empirical 
from 
equivalents 
Semi-empirical 
from 
equivalents 
Semi-
empirical from 
equivalents 
Refinement method SHELX97 SHELX97 SHELX97 
Refinement method Full-matrix 
least-squares 
on F2 
Full-matrix 
least-squares 
on F2 
Full-matrix 
least-squares 
on F2 
Data/restraints/parameters 2455 / 0 / 190 2786 / 0 / 200 3194 / 9 / 210 
Goodness-of-fit on F2 0.975 1.056 0.933 
Final R indices [I>2σ(l)] R1 = 0.0537, 
wR2 = 0.1149 
R1 = 0.0544, 
wR2 = 0.1149 
R1 = 0.0506, 
wR2 = 0.0977 
R indices (all data) R1 = 0.1412, 
wR2 = 0.1447 
R1 = 0.0987, 
wR2 = 0.1314 
R1 = 0.1377, 
wR2 = 0.1235 
Largest diff. peak and hole 0.302 e•Å-3 
and  -0.239 
e•Å-3 
0.221 e•Å-3 
and -0.221 
e•Å-3 
0.253 e•Å-3 
and -0.218 
e•Å-3 
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Table 3.2.  Crystal Data and Structure Refinement for Compounds 24c, 25a, and 
28a.  
 
 24c 25a 28a 
Formula C20H17NO2 C19H13NO C23H16MnNO5
Formula wt (amu) 303.35 271.30 441.31 
T, K 90.0(2) 90.0(2) 90.0(2) 
Crystal system Monoclinic Monoclinic Monoclinic 
Space group 4-1 C2/c P21/c 
Z 2 4 4 
a, Å 8.1574(2) 26.3457 20.0362(4) 
b, Å 9.6359(2) 7.8018(4) 26.3688(8) 
c, Å 11.2715(3) 6.7985(4) 12.6571(3) 
α,(deg) 107.2772(11) 90 90 
β, (deg) 92.6860(11) 100.322(2) 91.3244(8) 
γ, (deg) 112.8113(11) 90 90 
V, Å3 766.51(3) 1374.78(13) 2024.10(7) 
dcalc, Mg/m3 1.314 1.311 1.448 
F(000) 320 568 904 
Crystal size (mm3) 0.35 x 0.20 x 
0.05 
0.25 x 0.22 x 
0.10 
0.30 x 0.22 x 
0.20 
Radiation Mo Kα (λ = 
0.7107 Å) 
Mo Kα (λ = 
0.7107 Å) 
Mo Kα (λ = 
0.7107 Å) 
Monochromator Graphite Graphite Graphite 
Absorption coef µ (mm-1) 0.085 0.081 0.687 
Diffractometer NONIUS 
KappaCCD 
NONIUS 
KappaCCD 
NONIUS 
KappaCCD 
2θ range (deg) 1.93 to 25.00 1.57 to 25.00 1.90 to 27.49 
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Table 3.2 continued 
 
Limiting indices -9≤h≤9 31≤h≤31 -10≤h≤10 
  -11≤k≤11 -9≤k≤7 -26≤k≤25 
 -13≤l≤13 -8≤l≤8 -16≤l≤16 
Reflections collected 5393 2079 8903 
Independent reflections 2700 (Rint = 
0.0642) 
1211 (Rint = 
0.0473) 
4648  (Rint =  
0.0306) 
Absorption correction Semi-empirical 
from 
equivalents 
Semi-empirical 
from 
equivalents 
Semi-
empirical from 
equivalents 
Refinement method SHELX97 SHELX97 SHELX97 
Refinement method Full-matrix 
least-squares 
on F2 
Full-matrix 
least-squares 
on F2 
Full-matrix 
least-squares 
on F2 
Data/restraints/parameters 2700 / 0 / 210 1211 / 19 / 111 4648 / 0 / 272 
Goodness-of-fit on F2 0.983 1.089 1.051 
Final R indices [I>2σ(l)] R1 = 0.0539, 
wR2 = 0.1234 
R1 = 0.0507, 
wR2 = 0.1121 
R1 = 0.0381, 
wR2 = 0.0897 
R indices (all data) R1 = 0.1171, 
wR2 = 0.1496 
R1 = 0.1021, 
wR2 = 0.1292 
R1 = 0.0621, 
wR2 = 0.0987 
Largest diff. peak and hole  0.393 e•Å-3 
and  -0.251 
e•Å-3 
0.206 e•Å-3 and 
-0.256 e•Å-3 
0.513  e•Å-3 
and -0.363  
e•Å-3 
 
 
 
 
  
 
 
 
 
 
 
 
  
 
208
 
Table 3.3.  Crystal Data and Structure Refinement for Compound 29a. 
 
 29a 
Formula C23H18NO5Mn
Formula wt (amu) 443.32 
T, K 90.0(2) 
Crystal system Triclinic 
Space group P1 
Z 2 
a, Å 7.76720(10) 
b, Å 9.20410(10) 
c, Å 14.9173(2) 
α,(deg) 73.6096(5) 
β, (deg) 81.1301(5) 
γ, (deg) 87.1051(5) 
V, Å3 1010.84(2) 
dcalc, Mg/m3 1.457 
F(000) 456 
Crystal size (mm3) 0.22 x 0.20 x 
0.04 
Radiation Mo Kα (λ = 
0.7107 Å) 
Monochromator Graphite 
Absorption coef µ (mm-1) 0.688 
Diffractometer NONIUS 
KappaCCD 
2θ range (deg) 1.44 to 27.50 
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Table 3.3. continued 
 
Limiting indices -10≤h≤10 
  -11≤k≤11 
 -19≤l≤19 
Reflections collected 9194 
Independent reflections 4632 (Rint = 0.0202) 
Absorption correction Semi-empirical from equivalents 
Refinement method SHELX97 
Refinement method Full-matrix least-squares on F2 
Data/restraints/parameters 4632 / 0 / 273 
Goodness-of-fit on F2 1.046  
Final R indices [I>2σ(l)] R1 = 0.0289, wR2 = 0.0705 
R indices (all data) R1 = 0.0361, wR2 = 0.0743 
Largest diff. peak and hole  0.410 e•Å-3 and  -0.279 e•Å-3 
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Table 3.4.  Bond Distances (Å) for 1a, 24a–24c, and 25a. 
 
 1a 24a 24b 24c 25a 
Mn1–C1 – – – – – 
Mn1–C2 – – – – – 
Mn1–C3 – – – – – 
Mn1–C4 – – – – – 
Mn1–C5 – – – – – 
Mn1–C22   – – – – – 
Mn1–C23   – – – – – 
Mn1–C24 – – – – – 
O1–C13 1.292(3) 1.264(2) 1.193(8) 1.345(3) 1.351(15)
O1–N1 – – – – 1.415(7) 
O2–C21 – – – 1.439(3) – 
O2–N1 – – – 1.402(3) – 
*O2–C6 – – 1.211(8) – – 
O3–C22 – – – – – 
O4–C23 – – – – – 
O5–C24 – – – – – 
O6–C6 1.304(3) – – – – 
N1–C6 – 1.315(3) 1.381(11) 1.302(3) – 
N1–C20 – 1.456(3) – – – 
*N2–C13 – – 1.378(11) – – 
C1–C2 1.483(3) 1.464(3) 1.472(4) 1.481(4) – 
C1–C5 1.407(4) 1.411(3) 1.417(4) 1.368(4) – 
C1–C6 1.413(4) 1.415(3) 1.415(4) 1.447(4) – 
C2–C3 1.402(4) 1.404(3) 1.413(4) 1.428(4)  1.399(3) 
C2–C13 1.411(4) 1.427(3) 1.416(4) 1.360(4) 1.391(4) 
C3–C4 1.396(4) 1.391(3) 1.392(4) 1.365(4) 1.399(3) 
C4–C5 1.390(3) 1.389(3) 1.392(4) 1.434(4) – 
C6–C7 1.491(4) 1.493(3) 1.498(4) 1.497(4) – 
C7–C8 1.389(4) 1.397(3) 1.397(4) 1.391(4) – 
C7–C12 1.390(3) 1.389(3) 1.395(4) 1.382(4) – 
C8–C9 1.382(3) 1.385(3) 1.386(4) 1.395(4) – 
C9–C10 1.377(3) 1.382(3) 1.388(4) 1.386(4) – 
C10–C11 1.389(4) 1.388(3) 1.383(4) 1.380(4) – 
C11–C12 1.384(4) 1.377(3) 1.382(4) 1.375(4) – 
C13–C14 1.484(4) 1.498(3) 1.500(4) 1.482(4) 1.477(4) 
C14–C15 1.388(4) 1.394(3) 1.387(4) 1.393(4) 1.402(4) 
C14–C19 1.393(4) 1.386(3) 1.387(4) 1.395(4) 1.385(4) 
C15–C16 1.385(4) 1.380(3) 1.391(4) 1.383(4) 1.386(4) 
C16–C17 1.376(4) 1.379(3) 1.379(6) 1.380(4) 1.388(4) 
C17–C18 1.384(5) 1.389(3) 1.378(6) 1.381(4) 1.384(4) 
C18–C19 1.380(4) 1.377(3) 1.387(5) 1.387(4) 1.385(4) 
*Entries due to disorder along 2 fold axis of 24b.    
  
 
211
Table 3.5.  Bond Distances (Å) for 28a and 29a. 
 
 28a 29a 
Mn1–C1 2.166(2) 2.1610(13)
Mn1–C2 2.140(2) 2.1634(14) 
 
Mn1–C3 2.130(2) 2.1492(14)
Mn1–C4 2.145(2) 2.1480(15)
Mn1–C5 2.155(2) 2.1547(14)
Mn1–C22   1.808(2) 1.7957(16)
Mn1–C23   1.787(3) 1.7861(16)
Mn1–C24 1.787(2) 1.7995(17)
O1–C13 1.217(3) 1.4349(17)
O2–C21 1.439(3) 1.4298(18)
O2–N1 1.394(2) 1.4002(15)
O3–C22 1.143(3) 1.1459(19)
O4–C23 1.151(3) 1.1474(19)
O5–C24 1.151(3) 1.149(2) 
N1–C6 1.292(3) 1.2877(19)
C1–C2 1.443(3) 1.4363(19)
C1–C5 1.432(3) 1.437(2) 
C1–C6 1.479(3) 1.4835(19)
C2–C3 1.419(3) 1.4199(19)
C2–C13 1.503(3) 1.5191(19)
C3–C4 1.421(3) 1.423(2) 
C4–C5 1.407(3) 1.407(2) 
C6–C7 1.490(3) 1.4875(19)
C7–C8 1.393(3) 1.392(2) 
C7–C12 1.392(3) 1.397(2) 
C8–C9 1.393(3) 1.385(2) 
C9–C10 1.385(4) 1.388(2) 
C10–C11 1.386(4) 1.384(2) 
C11–C12 1.387(4) 1.388(2) 
C13–C14 1.487(3) 1.5233(19)
C14–C15 1.399(3) 1.389(2) 
C14–C19 1.391(3) 1.391(2) 
C15–C16 1.388(3) 1.394(2) 
C16–C17 1.386(4) 1.377(3) 
C17–C18 1.389(3) 1.384(3) 
C18–C19 1.387(3) 1.391(2) 
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Table 3.6.  Bond Angles (°) for 1a, 24a–24c, and 25a. 
 
 1a 24a 24b 24c 25a 
C13–O1–N1 – – – – 117.2(18)
C6–N1–C20 – 127.42(19) – – – 
N1–C6–C1 – 122.00(19) 123.4(5) 118.7(2) – 
N1–C6–C7 – 117.07(18) 116.8(5) 121.1(2) – 
C6–N1–O2 – – – 114.7(2) – 
N1–O2–C21 – – – 108.50(19) – 
C5–C1–C6 122.4(3) 122.95(19) 122.7(2) 122.0(3) – 
C5–C1–C2 106.2(2) 106.00(18) 109.4(2) 106.9(2) – 
C6–C1–C2 131.1(3) 131.00(19) 130.8(3) 130.9(2) – 
C3–C2–C13 123.0(3) 123.0(2) 123.3(3) 124.1(3) 134.7(2) 
C3–C2–C1 105.9(2) 106.33(18) 106.1(2) 105.6(2) – 
C13–C2–C1 131.0(3) 130.58(19) 130.4(3) 130.3(3) – 
C4–C3–C2 109.9(2) 109.90(19) 109.7(3) 109.7(3) 107.5(2) 
C5–C4–C3 108.4(3) 107.9(2) 108.6(3) 108.0(2) – 
C4–C5–C1 109.6(3) 109.83(19) 109.4(2) 109.7(2) – 
O6–C6–C1 123.9(3) – – – – 
O6–C6–C7 115.2(2) – – – – 
C1–C6–C7 120.9(3) 120.89(19) 119.7(2) 120.2(2) – 
C8–C7–C12 119.3(3) 119.1(2) 119.3(3) 119.1(3) – 
C8–C7–C6         121.5(3) 121.72(19) 121.8(3) 120.6(2) – 
C12–C7–C6 119.2(3) 119.2(2) 118.8(3) 120.3(3) – 
C9–C8–C7 120.2(3) 119.8(2) 120.0(3) 120.2(3) – 
C10–C9–C8 120.4(3) 120.6(2) 120.3(3) 119.9(3) – 
C9–C10–C11 119.8(3) 119.6(2) 119.7(3) 119.4(3) – 
C12–C11–C10 119.9(3) 120.0(2) 120.4(3) 120.8(3) – 
C2–C13–C14 120.5(3) 120.30(19) 119.8(2) 125.4(2) – 
C11–C12–C7 120.3(3) 120.8(2) 120.2(3) 120.6(3) – 
O1–C13–C2 124.0(3) 124.6(2) 126.1(5) 125.1(2) 122.8(8) 
O1–C13–C14 115.5(3) 115.13(19) 114.0(5) 109.5(2) 111.6(8) 
C15–C14–C19 119.3(3) 118.6(2) 119.7(3) 118.6(3) 119.2(2) 
C15–C14–C13 118.9(3) 119.49(19) 118.5(3) 118.9(2) 119.9(2) 
C19–C14–C13  121.8(3) 121.65(19) 121.8(3) 122.3(2) 120.9(2) 
C16–C15–C14 120.6(3) 120.6(2) 120.0(3) 120.7(3) 120.0(3) 
C17–C16–C15 119.5(3) 120.4(2) 119.7(4) 119.9(3) 120.2(3) 
C16–C17–C18 120.6(3) 119.3(2) 120.7(3) 120.5(3) 119.9(3) 
C19–C18–C17 120.0(3) 120.3(2) 119.7(3) 119.7(3) 120.1(3) 
C18–C19–C14 120.0(3) 120.7(2) 120.2(3) 120.6(3) 120.7(3) 
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Table 3.7.  Bond Angles (°) for 28a and 29a. 
 
 28a 29a 
C24–Mn1–C23 94.05(11) 92.49(7) 
C24–Mn1–C22 89.58(10) 87.71(7) 
C23–Mn1–C22 89.70(11) 90.83(7) 
C24–Mn1–C3 150.69(10) 112.54(6) 
C23–Mn1–C3 91.06(10) 96.08(6) 
C22–Mn1–C3 119.32(10) 158.18(6) 
C24–Mn1–C2 143.42(10) 92.75(6) 
C23–Mn1–C2 122.29(10) 131.37(6) 
C22–Mn1–C2 94.26(9) 137.67(6) 
C3–Mn1–C2 38.81(8) 38.44(5) 
C24–Mn1–C4 111.94(10) 151.16(7) 
C23–Mn1–C4 94.42(10) 89.96(6) 
C22–Mn1–C4 157.68(9) 121.00(6) 
C3–Mn1–C4 38.81(9) 38.68(5) 
C2–Mn1–C4 65.08(8) 64.79(5) 
C24–Mn1–C5 90.16(10) 148.13(6) 
C23–Mn1–C5 128.50(9) 119.24(7)  
 
C22–Mn1–C5 141.70(9) 94.26(6) 
C3–Mn1–C5 64.55(9) 64.33(5) 
C2–Mn1–C5 64.99(8) 64.85(5) 
C4–Mn1–C5 38.20(8) 38.17(5) 
C24–Mn1–C1 104.90(10) 109.62(6) 
C23–Mn1–C1 155.84(10) 154.68(6) 
C22–Mn1–C1 105.04(9) 101.92(6) 
C3–Mn1–C1 65.10(8) 64.58(5) 
C2–Mn1–C1 39.15(8) 38.80(5) 
C4–Mn1–C1 64.82(8) 64.72(5) 
C5–Mn1–C1 38.72(8) 38.90(5) 
C5–C1–Mn1 70.24(12) 70.31(8) 
C2–C1–Mn1 69.45(12) 70.69(8) 
C6–C1–Mn1 127.65(14) 131.92(10) 
C4–C5–Mn1 70.52(13) 70.66(8) 
C1–C5–Mn1 71.04(12) 70.66(8) 
C5–C4–Mn1 71.28(12) 71.17(8) 
C3–C4–Mn1 70.02(12) 70.71(8) 
C2–C3–Mn1 70.95(12) 71.32(8) 
C4–C3–Mn1 71.17(13) 70.62(8) 
C3–C2–Mn1 70.24(12) 70.24(8) 
C1–C2–Mn1 71.40(12) 70.51(8) 
C13–C2–Mn1 127.48(15) 131.99(10) 
O3–C22–Mn1 176.0(2) 177.72(14) 
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O4–C23–Mn1 177.9(2) 177.46(15) 
O5–C24–Mn1 178.8(2) 177.59(15) 
C13–O1–N1 – – 
C6–N1–C20 – – 
N1–C6–C1 127.3(2) 127.41(13) 
N1–C6–C7 114.03(19) 115.46(12) 
C6–N1–O2 111.68(18) 112.42(11) 
N1–O2–C21 109.28(17) 108.61(11) 
C5–C1–C6 124.23(19) 122.40(12) 
C5–C1–C2 106.73(18) 107.37(12) 
C6–C1–C2 128.97(19) 129.46(13) 
C3–C2–C13 122.0(2) 126.25(12) 
C3–C2–C1 107.77(19) 107.44(12) 
C13–C2–C1 130.03(19) 125.60(12) 
C4–C3–C2 108.5(2) 108.69(12) 
C5–C4–C3 108.03(19) 108.12(12) 
C4–C5–C1 108.9(2) 108.38(12) 
O6–C6–C1 – – 
O6–C6–C7 – – 
C1–C6–C7 118.68(18) 117.12(12) 
C8–C7–C12 119.3(2) 118.90(13) 
C8–C7–C6         120.6(2) 120.32(13) 
C12–C7–C6 120.1(2) 120.78(13) 
C9–C8–C7 120.4(2) 120.86(14) 
C10–C9–C8 119.9(2) 119.88(15) 
C9–C10–C11 119.9(2) 119.78(14) 
C12–C11–C10 120.4(2) 120.51(14) 
C2–C13–C14 117.85(19) 111.96(11) 
C11–C12–C7 120.1(2) 120.07(14) 
 
O1–C13–C2 120.0(2) 106.47(11) 
O1–C13–C14 122.0(2) 109.64(11) 
 
C15–C14–C19 119.7(2) 118.82(14) 
 
C15–C14–C13 118.1(2) 120.33(14) 
C19–C14–C13 122.1(2) 120.82(13) 
C16–C15–C14 119.8(2) 120.38(16) 
C17–C16–C15 120.3(2) 120.27(16) 
C16–C17–C18 120.0(2) 119.87(15) 
C19–C18–C17 120.1(2) 119.98(17) 
C18–C19–C14 120.1(2) 120.61(15) 
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Discussion 
 
 
Synthesis.  Formation of 5,6-fused-ring pyrroles (isoindoles) had been 
previously explored and accomplished by White and coworkers employing 1,2-
dibenzoylcyclohexa-1,4-diene and primary amines.101  We hoped to accomplish 
similar amination upon the 5-carbon-ring analog, 1,2-benzoylcyclopentadiene (1a).  
Reaction of 1a with a suspension of NaBH4, 40% aqueous methylamine, and ethyl 
alcohol did not afford the desired 5,5-fused ring pyrrole, 2-methyl-1,3-diphenyl-2,4-
dihydro-cyclopenta[c]pyrrole (26a).  Instead, the enamine, 1,2-
C5H3(CPhNHMe)(COPh) (24a), was isolated as the sole product.  There was no 
change in product formation when the reaction mixture was heated to reflux or a 
stronger reducing agent (NaH) was employed.  The enamine 24a could be 
obtained by stirring 1a in a solution of aqueous methylamine at room temperature 
for 3 h in good yield (61.1%).   
These results demonstrated that ring closure was not occurring.  We 
reasoned that the amine formed in 24a was not nucleophilic enough to substitute 
at the ketone carbon.  Increasing the amount of electron density at the nitrogen 
center by substituting the amine with a π-donor should increase the basicity of the 
nitrogen, thus making ring closure more likely.  We decide to therefore employ 
NH2OH·HCl as the amine, which should increase the nucleophilicity of the nitrogen 
center.  Refluxing 1a in a suspension of excess NH2OH·HCl and pyridine/ethyl 
alcohol for 72 h did not afford the corresponding hydroxylamine but rather the 
unsubstituted enamine, 1,2-C5H3(CPhNH2)(COPh) (24b).  These observations can 
be partially explained by the findings of Linn and Sharkey.96  The authors found 
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that reaction of 1a under identical conditions at shorter reaction times (several h) 
afforded the 5,6-fused-ring oxazine, 1,2-C5H3(CPhN)(CPhO) (25a).  We confirmed 
these results by stopping the reaction at 18 h and were able to isolate 25a in good 
yield.  To ensure that the oxazine 25a was truly an intermediate in formation of the 
unsubstituted enamine 24b, a pure sample of 25a was refluxed in a suspension of 
suspension of excess NH2OH·HCl and pyridine/ethyl alcohol.  1H NMR confirmed 
the presence of the unsubstituted enamine in the crude reaction mixture.  
Therefore, formation of the unsubstituted enamine 24b can be rationalized through 
the formation of the oxazine 25a.  Rearrangement of oximes to imines and 
enamines has been previously established.104  However, instead of a 
rearrangement, we propose the oxazine 25a undergoes protonation, a 2-electron 
reduction, then a second protonation to give the unsubstituted enamine 24b 
(Figure 3.10).  The reducing agent is likely the NH2OH.  Formation of the enamine 
24b can be accomplished in higher yield (70.5% versus 28.1%) under identical 
reaction conditions (72 hour reflux in ethyl alcohol/pyridine) employing NH4Cl as 
the nitrogen source.  
   To prevent unwanted oxazine formation yet provide the amine with a good 
π-donor, NH2OMe·HCl was employed as the nitrogen source.  Reaction of 1a with 
a suspension of excess NH2OMe·HCl in ethyl alcohol/pyridine gave the enolimine 
24c in good yield (56.1%).  Unlike the previous amination product 24a and 24b, the 
proton is oxygen-bound and not nitrogen-bound.  This was confirmed by a  
 
 
  
 
217
 
NO
PhPh H
+
2e-
24b
NHO
PhPh
HNO
PhPh
H+
NH2O
PhPh
25a
 
 
 
 
Figure 3.10. Proposed rearrangement of oxazine 25a to enamine 24b.    
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characteristic enolic resonance in the 1H NMR spectrum (16.6 ppm, s, 1H) to lower 
field than the amine proton resonances in the spectra of 24a and 24b (13.90 and 
13.01 ppm respectively).  X-ray crystallographic analysis on 24a–24c also 
confirmed the location of the acidic proton.  Attempts to close 24c to form the 5,5-
fused-ring 2-methoxy-1,3-diphenyl-2,4-dihydro-cyclopenta[c]pyrrole (26c) failed.  
Refluxing 24c in a suspension of NaBH4 and ethyl alcohol led to decomposition of 
the starting material.  Reaction of 24c with methanesulfonyl chloride followed by 
NaBH4 also failed to give 26c.  We had reasoned that conversion of the enol to a 
better leaving group, a methanesulfate, would encourage ring closure.  Analysis of 
the reaction mixture indicated only decomposition of the starting material and not 
the desired product.        
Reaction of 24c with one equivalent of TlOEt at room temperature in THF 
gave the thallium salt 27a in good yield (72.3%).  Washing the crude material with 
cold ethyl ether was sufficient to give the product in analytical purity.  As mentioned 
in Chapter 2, thallium salts have been shown to be excellent transmetallation 
reagents.  We found that transmetallation employing 27a and [MnBr(CO)5] 
refluxing in benzene gave the corresponding methoxyimine tricarbonylmanganese 
complex, [Mn(CO)3{η5-1,2-C5H3(CPhNOMe)(COPh)}] (28a) in high yield (84.1%).  
Analytical purity was obtained by trituration of the crude material in cold pentane.  
1H and 13C analyses indicates that both syn and anti isomers are present.  Judging 
by the integration of the resonances in the 1H NMR spectrum, the ratio of isomers 
is approximately 3:1.  X-ray crystallographic analysis indicated the presence of  
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only one isomer, the anti conformation.  It is likely that the anti isomer preferentially 
crystallized.  We are unsure whether this is an indication that the anti isomer is the 
major product.  Separation of the two isomers was not attempted as the isomeric 
mixture would not influence future synthetic steps. 
 Attempts to ring-close 28a to form a saturated 5,5-fused-ring pyrrole 
complex [Mn(CO)3{η5-N(OMe)C7H3-1,3-Ph2}] (29) failed, employing various 
combinations of reducing agents and Lewis acids.  The reaction of 28a with LAH 
instead gave the reduced complex, [Mn(CO)3{η5-1,2-C5H3(CPhNOMe)(CHOHPh)}] 
(29a) in low yield (15.5%).  Increased yield could be obtained by employing milder 
reductant isobutyl aluminum hydride (35.4%).  In neither case ring closure nor 
reduction of the imine bond observed.  As with the free ligand, ring closure on the 
manganese complex must be hindered by the reduced size of the heteroatom 
(nitrogen having a smaller atomic radi compared to sulfur), increased ring strain on 
a 5,5-fused-ring system compared to a 5,6-fused-ring system, and the difficulty of 
reducing the imine due to the  presence of two moderate electron donors (Cp and 
phenyl rings).     
 Formation of 5,6-fused rings from 1,2-acylcyclopentadienes and their metal 
complexes had already been well established by Linn and Sharkey,96 Wallace and 
Selegue,76, and Blankenbuehler and Selegue74.  We decided then to approach 5,5-
fused    ring    pyrrole    synthesis    from    a    5,6-fused    ring    precursor,     1,2- 
              ┌–––––┐ 
C5H3(CPhNH)(CPhN) (25b).  Reaction of pyridazine 25b  under Boger’s conditions 
of ring contraction of 1,2-diazines failed to afford the desired 5,5-fused-ring product 
1,3-diphenyl-2,4-dihydro-cyclopenta[c]pyrrole (26b).  Treatment of 25b with excess 
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activated zinc powder and glacial acetic acid at room temperature formed a 
complex mixture of products (Figure 3.10).  1H NMR spectra displayed a intricate 
series of resonances in the aliphatic region (1.0 to 2.0 ppm) but no evidence of 
alkene resonances (4.0 to 6.0 ppm) indicating that a variety of reduction product 
was present but  the desired fused-ring pyrrole was not among them.  GCMS 
analysis indicated molecular weights ranging from 257 to 278 indicating that some 
products were reduction products, contraction products, or both.   
These results are not surprising, as pyridazine 25b is not a true diazine as 
Boger employed.  The pyridazine complexes should behave more like a 1,2-
diazine, with formally double bonds at the 1 and 3 positions (Figure 3.11).  
Reaction of the dibenzoylcyclopentadienyl tricarbonylmanganese complex 
[Mn(CO)3{η5-1,2-C5H3(COPh)2}] (1c) with excess hydrazine hydrate at room 
temperature     gave     the    corresponding    pyridazine    complex    [Mn(CO)31,2- 
              ┌––––┐ 
C5H3(CPhN)(CPhN)}]  (30a)  in  good  yield  (61.1%).    Synthesis   of   the 1,3-                          
                                                                  ┌––––┐ 
dithienyl  pyridazine [Mn(CO)31,2-C5H3(CTpN)(CTpN)}] (30b) was accomplished 
under the same conditions with [Mn(CO)3{η5-1,2-C5H3(COTp)2}] (3c) in high yield 
(93.0%).    Attempts to form the ring contraction product, [Mn(CO)3{η5-NC7H3-1,3-
Ph2}] (17), under Boger’s conditions from complex 30 failed.   As with attempted 
ring contraction of the free pyridazine 25b, a similar mixture of reduction products 
were observed by 1H NMR, none of which matched the desired 5,5-fused-ring 
pyrrole complex.  The reduction conditions employed must have expelled the 
  
 
221
N
PhPh
NHN
PhPh
Zn, AcOH
N
PhPh
NHHN
PhPh
to
26a
MLn
N
N
Ph
Ph N
N
CO2CH3
CO2CH3
A
B
 
 
 
 
 
Figure 3.11.   A)  Attempted ring contraction to give 1,3-diphenyl-2,4-dihydro-
cyclopenta[c]pyrrole (26b).  B)  Structural similarities between pyridazine 
complexes and 1,2-diazines.        
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pyridazine ligand, at which point, the same decomposition occurred to give a 
complex mixture of reduction and contraction products.       
We then decided to switch to a substrate that should be more susceptible 
towards reduction, namely the methyl fulvene 2a.  While aromatic imines and 
ketones tend to require a powerful reducing agent, sometimes in the presence of a 
Lewis acid, alkyl imines and ketones usually require only a mild reducing agent 
such as NaBH4.  Unsubstituted imines and aldehydes react with even milder 
hydride sources such as NaBH3CN.  There is evidence that when NaBH3CN is 
employed on a 1,2-aldehyde imine, ring closure occurs under mild conditions (see 
Chapter 4).  We rationalized that closure under these conditions may be possible 
on a 1,2-acetyl imine substrate. 
Reaction of  1,2-C5H3(CMeOH)(COMe)  2a with NH2OMe·HCl in solution of 
Na2CO3 and ethyl alcohol/water yielded the corresponding methoxyimine 1,2-
C5H3(CMeNOMe)(COHMe)  (24d) in good yield (62.2%).  Formation of the diacetyl 
methoxyimine enol 24d was quite sensitive to reaction conditions, displaying the 
increased lability of the 1,2-diacetyl system.  Optimal yield were obtained under 
mild reflux, with the reaction time limited to 4 h.  High reflux temperatures, longer 
reaction times, or harsher solvent systems (e.g., ethyl alcohol/pyridine as in the 
case for the formation of the dibenzoyl methoxyimine enol 24c) led to low product 
yield.   
As was the case with the methoxyimine diphenyl fulvene 24c, the 
methyloxyimine 24d failed to ring-close with NaBH4 to give the desired 5,5-fused 
ring pyrrole, 2-methoxy-1,3-dimethyl-2,4-dihydro-cyclopenta[c]pyrrole (26d).  
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Under room temperature and reflux conditions, only starting material and a small 
amount of decomposition product were observed.  This surprising stability can not 
be attributed only to the acyl substituent.  While the moderate π donation effects of 
the phenyl groups on 24c may play a factor in its resistance towards reduction, no 
such effects exist for 24d.  It must be concluded that it is the conjugated, 
resonance-stabilized electronic structure of these fulvenes that dictate their robust 
nature.  The formal double bonds which exist in 24c and 24d are weakened by 
resonance, creating a more delocalized picture of π bonding.  It is this lack of 
isolated double bonds that hinders reduction and subsequent ring closure.            
Isolation of the corresponding thallium salt, [Tl{1,2-
C5H3(CMeNOMe)(COMe)}] (27b), was accomplished  in good yield (61.8%) by 
reaction of 24c with TlOEt in THF.  Isolation of the product was convenient, as 
filtration of the reaction mixture and washing the gray precipitate with cold ethyl 
ether gave the thallium salt 27b in analytical purity.  Reaction of the salt 27b with 
one equivalent of [Mn(CO)5Br] afforded the methoxyimine keto 
tricarbonylmanganese product [Mn(CO)3{η5-1,2-C5H3(CMeNOMe)(COMe)}] (28b) 
in high yield (81.0%).  The crude methoxyimine tricarbonylmanganese fragment 
28b existed as an amber oil at room temperature, and analysis of the product by 
1H NMR indicated no significant impurity present.  Recrystallization from pentane 
afforded 28b as a yellow solid in analytical purity.  The physical state of 28b did not 
appear to affect its reactivity.   
Refluxing the methoxyimine tricarbonylmanganese complex 28b in a 
suspension of NaBH3CNdid not yield the desired ring-closed product, [Mn(CO)3{η5-
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N(OMe)C7H5-1,3-Me2}] (32).  Analysis of the reaction mixture by 1H NMR and IR 
indicated only the presence of starting materal.  Unlike 1,2-
ferrocenecarboxaldehye (see Chapter 4), the methylsubstituted substrate is 
resistant towards the milder NaCNBH3.  However, reduction of 28b was observed 
when NaBH4 was employed.  Stiring 28b in a suspension of NaBH4 and ethyl 
alcohol at room temperature led to complete conversion to the reduced product, 
[Mn(CO)3{η5-1,2-C5H3(CMeNOMe)(CHOHMe)}] (29b).  Analysis of the crude 
product by 1H and 13C NMR indicated a complex mixture of likely 4 isomers.  The 
spectrum of 29b displays three distinct singlets, in the 3.5 to 4.0 ppm range, and 
integrating to 3 protons.  However, due to the complexity of the spectrum and poor 
resolution of the resonances, accurate determination of the number of isomers 
present was difficult.  The 13C NMR was more conclusive, with four methoxy 
signals clearly present.  We were surprised to see the presence of imine 
resonances in the 13C NMR, indicating reduction of the imine had not occurred.  As 
with the case of 29a, we attribute this to the π donation effects of the methoxy 
group, thus making the imine too electron-rich for hydride attack.  Employing a 
Lewis acid like BF3•Et2O or conversion of the alcohol to a better leaving group with 
methanesulfonyl chloride only led decomposition of 29b.  
             Formation of the reduction product 29b led us to switch to a poorer 
electron donor on the nitrogen atom, namely a simple sigma donor such as a 
methyl group.  Employing methylamine instead of methoxyamine should leave the 
resulting imine more susceptible towards reduction and thus ring closure.  
Formation of the methylamine derivative of the methyl fulvene 2a, 1,2-
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C5H3(CMeNHMe)(COMe) (24e), was accomplished in high yield (86.1%) by stiring 
2a in an aqueous solution of methylamine.  At this point, we faced the same 
limations of reacting 24e as previous ketone amine derivaties, such as the diphenyl 
ketone methylamine 24a.  The nitrogen-bound enolic proton does not appear to be 
acidic enough to react with TlOEt, the key step to forming complexes in this 
system.  Thus, we then pursued several routes that attempted to directly metallate 
without formation of thallium salt.  First, the ketone methylamine 24e was reacted 
with potassium t-butoxide, followed by reflux in a suspension of [Mn(CO)5Br].  This 
route gave only the starting material 24e.  The use of a stronger base, LDA, gave 
the same result.  Finally, a modified procedure of Ashe and coworkers was 
employed.103  The authors were able to form cymantrene compounds using a more 
reactive manganese reagent, [Mn(CO)3(MeCN)3)]PF6.  Deprotanation of 24e with 
LDA followed by refluxing with [Mn(CO)3(MeCN)3)]PF6 did not lead to the desired 
complex,  [Mn(CO)3{η5-1,2-C5H3(CMeNMe)(COMe)}] (33).  As with the previous 
two trials, the only idenfiable material in the reaction mixture was the starting 
material 24e.  Because of the thallium salt appeared to be essential in formation of 
these manganese complexes, this route was abandoned. 
 We then attempted to aminate an existing transition metal substrate, the 
diacetyl tricarbonylmanganese complex 2c.  Reaction of complex 2c with 
methylamine led to the doubly aminated product, [Mn(CO)31,2-C5H3(CMeNMe)2] 
(34) in moderate yield (44.0%).  Formation of the reduction product of 34, 
[Mn(CO)31,2-C5H3(CHMeNHMe)2] (35), was accomplished conveniently by 
reaction of 2c with aqueous methylamine followed by reduction with excess 
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NaBH4.  Amination of 2c is too facile to stop at the desired mono imine complex.  
As opposed to the methoxyimine complex 28b, reduction of the C–N double bond 
in complex 34 is feasible with a mild reducing agent such as NaBH4.  We then 
conjectured that ring closure may be feasible by reacting complex 2c with aqueous 
methylamine and NaBH3CN.  In theory, the presence of a mild reducing agent 
should “catch” any mono imine formed by reducing to the amine, without redcuing 
the ketone.  This newly formed amine could then ring-close on the adjacent ketone 
carbon.  Reaction of the acetyl manganese complex 2c with aqueous methylamine 
and NaBH3CN did not afford the desired ring-closed product, [Mn(CO)3{η5-
N(Me)C7H5-1,3-Me2}] (36).  Instead, even under reflux conditions, the double imine 
34 was the only identifiable product.  The results indicated that neither the imine 
nor the ketone is susceptible towards reduction with NaCNBH3. 
 Because isolation of a monoimine with a simple alkyl donor was not 
possible employing aqueous methylamine, we decided to switch to 4-toluidine.  
Wallace and Selegue successfully isolated a monoimine from the reaction of a 
dibenzoyl ruthenocene with excess 4-toluidine and BF3•OEt2.76  We slightly 
modified this procedure for use with complex 2c, by using molecular sieves rather 
than a harsh Lewis Acid.  Refluxing 2c in a suspension of excess 4-toluidine, 
molecular sieves, and methylene chloride afforded the desired 4-tolyl monoimine, 
[Mn(CO)3{η5-1,2-C5H3(CMeN-4-Tol)(COMe)}] (37), in moderate yield (41.3%).  
Excess amine was removed by washing an ethyl ether solution of the crude 
product with 10% acetic acid.   Further purification was accomplished by 
recrystallization from pentane.  Formation of the monoreduction product 
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[Mn(CO)3{η5-1,2-C5H3(CMeN4-Tol)(CHOHMe)}] (38), was accomplished by stirring 
24 in a suspension of NaBH4 and ethyl alcohol.  Analysis of the product by 1H and 
13C NMR did not indicate the presence of any ring-closed complex.    
 Spectroscopy.  All new compounds were fully characterized by 
spectroscopic methods, including 1H and 13C NMR and IR spectroscopy.  
Spectroscopic details for 1a were reported in Chapter 2.  Table 3.5 and 3.6 
contains some selected 1H and 13C NMR and IR data for compounds 24a–24c, 
25a, 25b, 27a, 28a, 28b, 29a, 29b, 34, 35, 37, and 38.         
The 1H NMR spectra for the amination products of 1a and 24a–24e display 
a typical asymmetric Cp pattern.  The outer Cp protons (CHCHCH) range from 
6.36 to 7.07 ppm.  Both three-bond (3JHH) and four-bond (4JHH) coupling is 
observed with 3J values from 3.0 to 4.8 Hz and 4J values of 1.8 Hz.  For the case 
of 24d, the outer Cp resonance existed at as multiplet.  The inner protons 
(CHCHCH) range from 6.17 to 6.33 ppm.  For 24a, 24b, and 24e, resonances are 
observed as a triplet, with 3J = 3.0 Hz for 24a and 24b and 3J = 4.0 Hz for 24e.  
The inner Cp resonance for 24c is observed as a doublet of doublets, with 3J = 4.6 
and 3J’ = 3.0.  Likewise, inner Cp resonance for 24d is also observed as a doublet 
of doublets, with 3J = 4.8 and 3J’ = 3.4.  The outer Cp protons (CHCHCH) range 
from 6.73 to 7.28 ppm.  As with the resonances for the other outer Cp protons, 
these resonances show three- and four-bond coupling, with 3J values from 3.0 to  
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Table 3.8.  Selected NMR (in CDCl3) and IR (in KBr) Data of 24a–24e, 25a, 25b, 
27a, and 27b. 
 
 
*In d-DMSO. 
 
 
 
 
 CHCHCH
δH 
CHCHCH 
δH 
CHCHCH
δH 
CO (acyl)
δC 
CO (metal) 
δC 
CO
ν  
24a 6.17 6.36 7.04 191.2 – – 
24b 6.28 6.69 7.13 192.1 – – 
24c 6.27 6.41 6.73 173.9 – – 
24d 6.33 6.94 6.94 176.4 – – 
24e 6.25 7.07 7.28 192.8   
25a 6.98 7.27 7.36 – – – 
25b 7.08 7.08 7.53 – – – 
*27a 5.80 5.85 6.15 186.7 – – 
*27b 5.55 5.75 6.31 189.4 – – 
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Table 3.9.  Selected NMR (in C6D6) and IR (in KBr) Data of 28a, 28b, 29a, 29b, 
30a, 30b, 34, 35, 37, and 38.   
 
 
*In CDCl3.   
 
 
 CHCHCH
δH 
CHCHCH
δH 
CHCHCH
δH 
CO 
(acyl) 
δC 
CO 
(metal) 
δC 
CO
ν  
28a 3.88(maj) 
3.64(min) 
4.18(maj) 
4.23(min) 
4.63(maj) 
4.48(min) 
189.6 224.4 2023, 
1929 
28b 3.63 4.29 4.39 194.9 224.0 2026, 
1946, 
1926 
29a 3.80 3.85 4.06 – 225.4 2017, 
1938 
29b 3.51 4.34 4.49 – 225.0 2020, 
1931 
*30a 5.36 5.56 5.56 – 221.9 2036, 
1960, 
1930 
*30b 5.41 5.56 5.56 – 222.0 2030, 
1940 
34 3.81 4.53 4.53 – 225.4 2017, 
1930 
35 3.72 
3.65 
3.92 
4.63 
3.92 
4.63 
– 226.2 2015, 
1921 
37 3.68 
3.83 
4.42 
4.32 
4.58 
4.42 
195.6 224.0 2023, 
1941 
38 3.80 4.13 4.47 – 225.3 2017, 
1918 
  
 
230
4.6 Hz and 4J values of 1.8 Hz.  Again, these outer Cp resonances exist as a 
multiplet.  For 24a, 24b, and 24e, the hydrogen-bonded NH resonances (NH…O) 
are observed as broad singlets at 13.90, 13.01, and 13.98, ppm respectively.  The 
second amine proton for 24b exists as a broad singlet at 6.20 ppm.  The enolic 
protons on 24c and 24d are to low field of the amine protons, with chemical shifts 
of 16.60 and 16.78 ppm (s, 1H) respectively.  The methyl resonances for 24a and 
24c are at 2.98 and 3.95 ppm, respectively.  For 24d, the acetyl and methoxy 
protons are observed at 2.31, 2.74, and 3.97 ppm respectively.  Coupling to the 
amine proton is observed for the methyl resonance in 24a, existing as a doublet (J 
= 5.2 Hz).  For 24e, the acetyl methyl resonances are observed at 2.46 and 2.53 
ppm as singlets, while the amine methyl is observed as a doublet (3J = 4.8 Hz) at 
3.18 ppm.  The 13C NMR spectra shows that 2–4-position resonances fall within a 
narrow range, with CHCHCH chemical shifts ranging from 116.6 to 122.5 ppm,  
CHCHCH from 128.0 to 129.6 ppm, and CHCHCH from 128.3 to 134.0 ppm.  The 
CO resonances for 24a, 24b, and 24e are at 192.1, 191.2, 192.8 ppm, 
respectively, reflecting the CO double-bond nature.  The corresponding signals for 
24c and 24d are strongly to high field at 173.9 and 176.4 ppm respectively, 
indicating more single-bond nature.  The IR spectra for 24a–24e display intense, 
broad absorptions centered around 3400 due to the NH and OH stretches. 
The 1H NMR spectra of the 5,6-fused-ring oxazine and pyridazine products 
25a and 25b also display an asymmetric Cp pattern.  For 25a, each Cp resonance 
is observed as a doublet of doublets, with three- and four-bond coupling observed.  
The inner Cp proton (CHCHCH) is to low field compared to the other resonances 
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at 7.36 ppm (3J = 4.4 Hz, 3J’ = 3.2 Hz).  The outer Cp resonance (CHCHCH) is 
observed at 6.98 ppm (3J = 3.2 Hz, 4J = 1.2 Hz) while the other outer Cp resonance 
(CHCHCH) occurs at 7.27 ppm (3J = 4.8 Hz, 4J = 1.2 Hz).  Absent is any indication 
of nitrogen- or oxygen-bound proton resonances.  The spectra for 25b also show 
the same doublet of doublets for the outer Cp resonances.  However, the protons 
appear to be accidentally isochronous, as only one signal is observed at 7.08 ppm 
integrating to two protons (3J = 3.8 Hz, 4J = 1.2 Hz).  The inner Cp proton is 
obscured by the aromatic resonances and could not be independently determined.  
A broad singlet is observed for the nitrogen-bound proton at 3.95 ppm integrating 
to one proton.    
The thallium salt 27a displayed a similar 1H NMR spectrum compared to its 
precursor 24c, with resonances generally to high field.  Asymmetric coupling was 
observed to the inner Cp proton, with its resonance split into a doublet of doublets 
(6.15 ppm, 1H, 3J = 3.6 Hz, 3J’ = 2.2 Hz).  The outer Cp protons exhibit second-
order coupling effects, with their resonances observed at 5.80 and 5.85 ppm 
respectively as triplets (3J = 3.6 Hz and 3J = 2.2 Hz).  The methyl protons were 
observed at 3.70 ppm as a singlet.  No nitrogen- or oxygen-bound proton 
resonances were observed.  The 13C NMR spectrum display the 2–4-position 
carbon resonances at 110.3, 115.7, and and 117.8 ppm respectively.  The CO 
resonance is to slightly low field compared to 24c, with a chemical shift of 186.7 
ppm.  The IR spectrum for 27a does not display the intense, broad OH stretch 
observed for 24c.   
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The thallium salt 27b displays a similar asymmetric Cp pattern in its 1H 
NMR spectrum, with the inner Cp (5.55 ppm, t), outer Cp (5.75 ppm, m, CHCHCH 
and 6.31 ppm, m, CHCHCH) proton resonances observed.  The acetyl methyl 
resonances exist as singlets at 2.01 and 2.17 ppm, while the methoxy group 
displays a typical singlet at 3.72 ppm.  As with 27a, no nitrogen- or oxygen-bound 
proton resonances were observed.  The 13C NMR spectrum for 27b again shows 
the characteristic asymmetric Cp pattern, with the inner Cp (108.1 ppm) and outer 
Cp (114.8 ppm and 116.1 ppm) carbon resonances present.  The methyl 
resonances for the acetyl and methoxy groups are observed at 18.2, 27.2, and 
60.2 ppm respectively.  The CO resonance is downfield compared to 24d, with a 
chemical shift at 189.4.           
The 1H NMR spectrum for the methoxyimine tricarbonylmanganese complex 
28a shows two separate sets of Cp resonances for the anti and syn isomers.  The 
major isomer has chemical shifts at 3.88, 4.18, and 4.63 ppm corresponding to the 
CHCHCH, CHCHCH, and CHCHCH protons.  The inner proton resonance is a 
triplet, with 3J = 3.0 Hz.  Both the outer Cp protons exhibit three- and four-bond 
coupling, with 3J = 4.5 Hz and 4J = 1.8 Hz.  For the minor isomer, Cp shifts are 
comparable, with the CHCHCH, CHCHCH, and CHCHCH resonances observed at 
3.64, 4.23, and 4.48 ppm.  Coupling for the minor isomer is identical for the major 
isomer.  The 13C NMR of 28a further demonstrates the presence of two isomers.  
Two unique methoxy resonances were observed at 61.9 and 62.4 ppm.  Most of 
the resonances expected for the minor isomer are weak or absent due to its low 
abundance.  The Cp resonances of the major isomer are clearly present, with 
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CHCHCH, CHCHCH, and CHCHCH values 81.7, 86.9, and 87.0 ppm respectively.  
The acyl carbonyl (OCPh) is evident at 189.6, typical for organic CO groups.  The 
metal bound carbonyls are observed as a broad singlet at 224.4 ppm.  IR indicated 
the presence of a tricarbonyl moiety, with intense stretches at 2023 and 1929 cm-1.    
 The 1H NMR spectrum of the mono reduced methoxyimine complex 28b 
displays a typical asymmetric Cp pattern, with the inner Cp and outer Cp chemical 
shifts at 3.80, 3.85, and 4.06 ppm respectively.  The crude product displays a 
much more complicated Cp region, with the presence of several reduction products 
present.  However, the 1H NMR spectrum of the recrystallized product indicates 
only one isomer.  Compound 28b also displays two doublets at 2.51 and 5.48 ppm 
(4J = 4.4 Hz) corresponding to the methine and alcohol protons. The methoxy 
resonance was clearly evident at 3.93 ppm (s, 3H).  The 13C NMR spectrum for 
28b indicates a mono reduction product.  Absent are any resonances attributed to 
an acyl ketone carbon.  However, a resonance at 151.7 ppm can be attributed to 
the imine carbon.  The Cp pattern is highly symmetric, with resonances at 81.5 
(CHCHCH), 86.8 (CHCHCH), 114.9 (CC) ppm observed.  We attribute this to 
accidential equivalence of the Cp carbons.  The methine and methoxy resonances 
are observed at 71.7 and 62.6 ppm respectively as well as the metal-bound 
carbonyls at 225.4 (bs).  The IR contains typical tricarbonyl absorbances at 2017 
and 1938 cm-1.  The MS of complex 28b contains an expected M+ + 1 peak 444 as 
well as a strong 426 peak, which corresponds to loss of the alcohol group. 
The 1H NMR spectrum of complex 29a displays a typical asymmetric Cp 
pattern, with the outer Cp (4.29 ppm, dd, 3J = 2.8 Hz, 4J = 1.8 Hz) and inner Cp 
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(3.63 ppm, t, 3J = 2.8 Hz and 4.39 ppm, dd, 3J = 2.8 Hz, 4J = 1.8 Hz) resonances 
observed.  The acetyl and methoxy methyl resonances are evident at 1.90, 1.98, 
and 3.68 ppm, respectively, as singlets.  The 13C NMR spectrum also displays an 
asymmetric Cp pattern, with the inner Cp and outer Cp carbon chemical shifts at 
80.2, 86.6, and 87.3 ppm respectively.  The acetyl and methoxy resonances are 
observed at 16.6, 28.4, and 62.1 ppm.  The acetyl carbonyl resonance is observed 
at 194.9 ppm, whereas the metal-bound carbonyls exhibit a broad singlet at 224.0.  
IR indicated the presence of a tricarbonyl moiety, with intense stretches at 2026, 
1946, and 1926 cm-1. 
The 1H NMR spectrum of the reduced methoxyimine alcohol 
tricarbonylmanganese complex 29b indicated a complex mixture of isomeric 
products.  While the acetyl methyls exist as a broad doublet at 1.66 ppm (3J = 3.4), 
there are at least 3 distinct methoxy singlets at 3.46, 3.56, and 4.10 ppm.  The 
methine protons (CHMeOH) are observed as a doublet and are coupled to the 
acetyl methyl protons (2H, 3J = 3.4).  The Cp resonances still display an 
asymmetric pattern, with the inner Cp and outer Cp chemical shifts at 3.51, 4.34, 
and 4.50 ppm respectively.  The 13C NMR spectrum for 29b displays 4 distinct 
methoxy resonances (62.2, 62.2, 62.9, and 63.6 ppm), indicating the presence of 4 
isomers. The inner Cp (77.9 and 78.1 ppm) and outer Cp (83.5 and 86.1 ppm, 95.1 
and 96.4 ppm) resonances and the resonances attributed to the carbon alpha to 
the alcohol (84.3 and 84.5 ppm) are observed as a pair of signals, indicating pairs 
of accidentally isochronous isomers.  The imine carbon (CNOMe) is still evident 
with resonances at 151.1 and 152.2 ppm as are the metal-bound carbonyls (225.0 
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ppm).  IR confirms the presence of a tricarbonyl moiety, with intense CO bands at 
2020 and 1931 cm-1.   
The 1H NMR spectra of the pyridazines 30a and 30b display a symmetric 
Cp pattern, with the inner Cp resonances at 5.36 and 5.41 ppm respectively and 
the outer Cp resonances at 5.56 ppm for both complexes.  The 13C NMR specta 
display characteristic broadened resonances at 221.9 and 222.0 ppm respectively 
for the metal-bound carbonyls.  No acyl carbonyls were evident in either spectra.  
The IR for 30a and 30b contained strong absorbances at 2036, 1960, and 1930 
cm-1 and 2030 and 1940 cm-1 for the metal carbonyls.   
The 1H NMR spectra of the double imine complex 34 and its reduction 
product 35 displayed a symmetric Cp resonance pattern.  The inner Cp and outer 
Cp resonances for 34 are observed at 3.81 (t, 1H) and 4.53 (d, 2H) ppm 
respectively.  For 35, the two major isomers present were also symmetric (likely 
the “up” and “down” meso isomers), with the inner Cp resonances at 3.72 and 3.65 
ppm and outer Cp resonances at 3.92 and 4.63 ppm.  The methyl resonances for 
the acetyl portion and the imine for 34 were at 1.62 (s, 6H) and 2.92 ppm (s, 6H).  
For compound 35, coupling between the acetyl methyls and the methine protons 
was observed (3J = 6.2 Hz).  The acetyl methyl resonances for both major isomers 
were 1.02 and 1.09 ppm (d, 6H), while the methine resonances were observed at 
2.66 and 3.19 ppm (q, 2H).  The amine methyls were observed at 2.01 and 2.21 
ppm (s, 6H), with no coupling observed.  The 13C NMR spectrum for 34 is 
indicative of a symmetric structure, with the inner Cp (80.3 ppm), outer Cp (84.8 
ppm), and quaternary carbons (105.3 ppm) present.  The methyl resonances are 
  
 
236
observed at 18.4 and 39.4 ppm, while the imine carbons are at 162.4 ppm.  The 
metal bound carbonyls exist as a broad singlet at 225.4 ppm.  For compound 35, 
the Cp resoances for the two major isomers are oberserved at 78.6 and 75.2 ppm 
(inner Cp), 83.8 and 81.6 ppm (outer Cp), and 114.6 and 110.2 ppm (quaternary 
carbons).  The methine resonances are observed at 59.6 and 51.6 ppm as are the 
methyl resonances (22.5 and 37.6 ppm for isomer A, 19.4 and 35.0 ppm for isomer 
B).  One broad resonance is observed at 226.2, corresponding to the metal bound 
carbonyls.  The IR for complexes 34 and 35 both contain characteristic tricarbonyl 
absorbances at 2017 and 1930 cm-1 and 2015 and 1921 cm-1 respectively.      
The 4-tolyl imine 37 and its reduction product 38 display typical asymmetric 
Cp proton resonances in 1H NMR.  Two sets are observed for 37 (outer Cp= 3.68 
and 3.83 ppm, inner Cp = 4.42 and 4.32 ppm, outer Cp = 4.58 and 4.42 ppm) 
indicating the presence of both syn and anti isomers.  The spectrum for 25 
indicates a complex mixture of isomers.  The inner and outer Cp resonaces for the 
major isomer of 38 are 3.80, 4.13, and 4.47 ppm.  13C NMR spectra for 37 displays 
an acetyl carbonyl resonance at 195.6 ppm, whereas no such resonance exists for 
38 and indicates reduction of the ketone.  The spectra for complexes 37 and 38 do 
display an imine carbon resoance at 162.5 and 163.5 ppm respectively.  The IR for 
37 and 38 display characteristic metal carbonyl absorbances at 2023 and 1941 
and 2017 and 1918 cm-1 respectively.                  
Structure.  X-ray crystallography confirmed the molecular structures of 1,2-
C5H3(CPhOH)(COPh) (1a),  1,2-C5H3(CPhNHMe)(COPh)     (24a),        1,2-
C5H3(CPhNH2)(COPh)             (24b),             1,2-C5H3(CPhNOMe)(COHPh)      
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(24c),  1,2-C5H3(CPhN)(CPhO)  (25a), [Mn(CO)3{η5-1,2-C5H3(CPhNOMe)(COPh)}] 
(28a) and [Mn(CO)3{η5-1,2-C5H3(CPhNOMe)(CHOHPh)}] (29a).  The structures of 
1a, 24a, 24b, and 24c show the syn-periplanar relationship of the 1,2-substituents.  
The oxygen atoms O1 and O6 in 1a deviate from the least- squares plane of the 
Cp carbons by -0.2813 and -0.3255 Å.  N1 and O1 for structures 24a–24c are also 
comparable, with deviations (-0.0974, -0.2277), (-0.2049, 0.2721), and (0.1560, -
0.0826) Å, respectively.  The Cp rings for 1a, 24a, 24b, and 24c are planar within 
0.0074 Å.  Carbon–carbon single bonds for Cp rings of structures 1a, 24a, 24b, 
and 24c range from 1.391(3) to 1.483(3) Å, while double bonds range from 
1.365(4) to 1.434(4) Å.  Similarities in bond lengths between formal single and 
double bonds reflect the high order of conjugation in 1a, 24a, 24b, and 24c.  The 
phenyl rings for 1a, 24a, 24b, and 24c are twisted substantially out the Cp plane, 
with [C19–C14–C13–C2] and [C1–C6–C7–C8] torsion angles at (-54.0(4)°, 
56.3(4)°), (58.4(3)°, -69.6(3)°), (-53.9(4)°, 57.0(4)°), and (45.8(4)°, 75.0(3)°),  
respectively.  Hydrogen bonding is observed for 1a, 24a, and 24c between O1 and 
O6 for 1a and O1 and N1 for 24a and 24c.  Hydrogen bond lengths d(H...A) for 1a 
are 1.40 Å and for 24a and 24c are 1.78 and 1.72 Å respectively.  No hydrogen 
bonding was observed between O1 and N1 for 24b. 
 The structure of 25a was disordered long the 2-fold axis, with occupation of 
each site at approximately 50%.  This created symmetry equivalent sites across 
the 2- fold axis. The structure of 25a shows near planarity for the 5,6-fused ring 
portion, with mean deviation from the least squares plane created by O1, N1, C2, 
C3, C4, and C13 at 0.0258 Å.  As with the previous structures, the phenyl rings in 
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25a are twisted out the plane of the 5,6-fused ring, with [C19–C14–C13–C2] 
torsion angle of -41.1(4).°  The N1–O1 bond length is 1.415(7) Å while the C–C 
bond lengths in the fused ring ranged from 1.391(4) to 1.399(4) Å.                       
 The structures of 28a and 29a display typical pentahapto (η5) coordination 
of the Cp moiety to the manganese center.  Manganese–carbon bond lengths 
range from 2.130(2) to 2.166(2) Å for 28a 2.1480(15) to 2.1634(14) Å for 29a.  For 
the case of 28a, the oxygen atom O1 on the acyl substituent and the imine 
nitrogen N1 are both oriented towards the metal center, deviating -0.6618 and -
0.493 Å below the least squares plane of the Cp ring.  The orientation of the 
methoxy substituent is anti relative to the adjacent phenyl ring, with the methoxy 
oxygen O2 below the least squares plane created by the Cp ring (-1.2303 Å) and 
the ipso carbon on the phenyl ring C7 above the Cp ring (0.8948 Å).  The phenyl 
rings are significantly twisted out the plane of the Cp ring, with [C19–C14–C13–C2] 
and [C1–C6–C7–C8] torsion angles at -16.3(3) and -39.6(3)° respectively.  For 
29a, the alcohol and imine substituents are oriented away from the metal center, 
with C6 and C13 deviating 0.1923 and 0.1989 Å respectively from the least 
squares plane of the Cp ring.  The methoxy substituent is still anti relative to the 
adjacent phenyl ring, with N1 and O2 -0.4987 and -1.5275 Å respectively below the 
least squares plane of the Cp ring.  While the hybridization at the imine carbon is 
clearly still sp2 with C6–N1 at 1.2877(19) Å and C1–C6–N1 at 127.41(13)°, C13 
displays sp3 hybridization with C13–O1 at 1.4349(17) Å and O1–C13–C2 at 
106.47(11)°.  Hydrogen bonding is observed between the alcohol proton and the 
nitrogen imine (N1), with hydrogen bond length d(H...A) at 2.12 Å.                   
  
 
239
Summary 
 
 
 
 Reaction of 1,2-C5H3(CPhOH)(COPh) (1a) with aqueous methylamine and 
NaBH4 did not give the desired 5,5-fused ring pyrrole 2-methyl-1,3-diphenyl-2,4-
dihydro-cyclopenta[c]pyrrole (26a), but rather the enamine 1,2-
C5H3(CPhNHMe)(COPh) (24a).  Further attempts to form the desired ring-closed 
product 26a employing NaH as the reducing agent failed.  The enamine 24a could 
be formed in good yield (61.1%) by stirring 1a in aqueous methylamine.   
When 1a was refluxed in a suspension of NH2OH·HCl in pyridine/ethyl 
alcohol for 72 h, the desired hydroxyenamine did not form.  The reaction instead   
afforded the unsubstituted enamine 1,2-C5H3(CPhNH2)(COPh) (24b).  When 
reaction times were shortened to 18 h, reaction of 1a with NH2OH·HCl afforded the 
oxazine 1,2-C5H3(CPhN)(CPhO) (25a) in good yield (60.7%)  The enamine 24b 
could be synthesized in good yield (70.5%) under identical reaction conditions 
employing NH4Cl as the nitrogen source. 
 Reaction of 1a NH2OMe·HCl in pyridine/ethyl alcohol afforded the methoxy 
substituted enolimine, 1,2-C5H3(CPhNOMe)(COHPh) (24c) in good yield (56.1%). 
Attempts to form the ring-closed product employing NaBH4 and methylsulfonyl 
chloride, 2-methoxy-1,3-diphenyl-2,4-dihydro-cyclopenta[c]pyrrole (26c), failed.  
The enolimine 24c did react with TlOEt to give the corresponding thallium salt, 
[Tl{1,2-C5H3(CPhNOMe)(COPh)}] (27a) in good yield (72.3%).  Reaction of the salt 
27a with [MnBr(CO5)] afforded the manganese complex, [Mn(CO)3{η5-1,2-
C5H3(CPhNOMe)(COPh)}] (28a) in high yield (84.7%).  Attempts to ring-close to 
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the 5,5-fused-ring reduced pyrrole [Mn{η5-N(OMe)C7H3-1,3-Ph2}(CO)3] (29) 
employing a variety of reducing agents and Lewis acids failed.  Only the mono 
reduced product, [Mn(CO)3{η5-1,2-C5H3(CPhNOMe)(CHOHPh)}] (29a) could be 
isolated.      
 Reaction of 1a with hydrazine hydrate gave the corresponding pyridazine,           
                       ┌––––┐ 
1,2- C5H3(CPhNH)(CPhN) (25b).  Attempts to form the ring contraction product 
1,3-diphenyl-2,4-dihydro-cyclopenta[c]pyrrole  (26b) by reaction with activated zinc 
powder and glacial acetic acid failed.  Reaction of [Mn(CO)3{η5-1,2-C5H3(COPh)2}] 
(1c) with  excess  hydrazine  hydrate  afforded  pyridazine  complex,  [Mn(CO)31,2- 
              ┌––––┐ 
C5H3(CPhN)(CPhN)}]   (30a)   in   good   yield   (61.1%).    Likewise,   synthesis  of                      
                                  ┌––––┐ 
 [Mn(CO)31,2-C5H3(CTpN)(CTpN)}] (30b) was accomplish under the same 
conditions with [Mn(CO)3{η5-1,2-C5H3(COTp)2}] (3c) in high yield (93.0%).    
Reaction of complex 30a with activated zinc and glacial acetic acid failed to give 
the desired ring-contraction product, [Mn(CO)3{η5-NC7H3-1,3-Ph2}] (17). 
    Reaction of 1,2-C5H3(CMeOH)(COMe)  2a with NH2OMe·HCl in solution of 
Na2CO3 and ethyl alcohol/water yielded the corresponding methoxyimine 1,2-
C5H3(CMeNOMe)(COHMe)  (24d) in good yield (62.2%).  The methyloxyimine 24d 
failed to ring close with NaBH4 to give the desired 5,5-fused ring pyrrole, 2-
methoxy-1,3-dimethyl-2,4-dihydro-cyclopenta[c]pyrrole (26d).  Reaction of 24d with 
one equivalent of TlOEt afforded the thallium salt [Tl{1,2-
C5H3(CMeNOMe)(COMe)}] (27b) in good yield (61.8%).  Refulxing the thallium salt 
27b in benzene with one equivalent of [Mn(CO)5Br] afforded the methoxyimine 
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keto tricarbonylmanganese product [Mn(CO)3{η5-1,2-C5H3(CMeNOMe)(COMe)}] 
(28b) in high yield (81.0%).  Refluxing the manganese fragment 28b in a 
suspension of NaBH3CN and ethyl alcohol failed to give the desired product 
[Mn(CO)3{η5-N(OMe)C7H5-1,3-Me2}] (32).  Formation of the reduction product, 
[Mn(CO)3{η5-1,2-C5H3(CMeNOMe)(CHOHMe)}] (29b), was accomplished by 
stirring 28b at room temperature in a suspension of NaBH4 and ethyl alcohol.  
Reaction of the methoxyimine alcohol 29b with BF3•Et2O led to decomposition of 
the starting materal and not the desired ring-closed product 32.  Likewise, reaction 
of 29b with methanesulfonyl chloride gave a complex mixture of products, none of 
which resembled 32.   
 Reaction of 2c with excess 4-toluidine in the presence of molecular sieves 
afforded the momoimine product, [Mn(CO)3{η5-1,2-C5H3(CMeN4-Tol)(COMe)}] 
(37), in moderate yield (41.3%).  Reaction of 24 with excess NaBH4 afforded only 
the mono reduction product, [Mn(CO)3{η5-1,2-C5H3(CMeN4-Tol)(CHOHMe)}] (38).  
Analysis of the product gave no indication of a ring-closed product.                   
 Some conclusions can be drawn from these results.  First, reductive 
amination, whether on- or off-metal, is not feasible for this system.  Regardless of 
the amine or reductant employed, a stepwise analysis of the of these reductive 
amination trials indicates that it is the actual reduction of the imine bond that fails in 
every case.  Amination is quite facile in every case investigated.  However, 
reduction is necessary for closure to occur.  Coupled with the added ring-strain on 
a 5,5-system versus a 5,6-system (5,6-fused-ring synthesis is quite facile, as 
indicated by the pyrdazine synthesis), the stability of the imine bond leads to failed 
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ring-closure.  Second, the off-metal trials were even less promising due to our 
inability to observe any sort of reduction, except under the hightly forcing 
zinc/glacial acetic acid conditions.  The highly conjugated enamines and enolamine 
are well stabilized, with the added influence of a hydrogen bonded enolic or amine 
proton to overcome.  Reduction and consequently ring-closure is extremely 
hindered by such strong, thermodynamic influences.  It was demonstrated, 
however, that the acetyl carbonyl bonds in the on-metal cases can be reduced.  
This makes the on-metal case more appealing towards reductive amination.  Third, 
a more reactive substrate is then necessary to facilitate reductive amination.  
Switching to an unsubstituted system (formyl) which is on-metal (no highly 
delocalized aromatic system with hydrogen bonding to overcome) should give a 
more reactive imine bond and better facilitate ring-closure.    
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Chapter 4 
 
 
Synthesis, Characterization, and Structure of Some Biferrocenes via 
Stepwise Reductive Amination   
 
Introduction 
 
Since its discovery in 1951,105, 106 ferrocene and its derivatives have been 
widely studied.  Due to its stability and low cost, an extensive range of 
organometallic fragments, oligomers, and polymers have been synthesized 
incorporating ferrocene.  Ferrocenes have been widely used in catalysis, in large 
part to ferrocene’s adequate rigidity, bulkiness, and propensity to undergo 
electrophilic substitution at cyclopentadienyl positions.107-112  Additionally, its 
stability in aqueous, aerobic media and favorable electrochemical properties have 
made it ideal for applications in biological systems, with ferrocene derivatives of 
amino acids, carbohydrates, DNA, and hormones thoroughly investigated.113  The 
attractive redox properties of ferrocene and its derivatives make it ideal for 
incorporation into conducting polymers114, 115 as well as applications in 
photoinduced electron transfer.116 Diferrocenes and ferrocene dimers have also 
been investigated for use in electron transfer mediators,117 metal scavengers118, 
ancillary ligands in catalytic organic synthesis107, 108, organoboron synthesis,119 and 
bioactive and bioconjugate complexes.113   
Biot and coworkers recently reported on the reductive amination of 1,2-
ferrocenedicarboxaldehyde with aminoquinolines to give the corresponding aza-
[3]-ferrocenophanes120 (Figure 4.1).  These unexpected results indicated that 5,5-
fused-ring organometallic complexes incorporating a nitrogen can be formed under 
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mild conditions (NaBH3CN at room temperature).  We are interested in the 
formation of an organometallic conducting polymer incorporating a ferrocene fused 
onto a polypyrrole backbone (Figure 4.1).  The iron center would act as an intrinsic 
“switch” that could reversibly dope and undope the polymer via its redox 
properties.  Polymers that include a ferrocene pendent or moiety have already 
been synthesized and show enhanced conductivies.48, 49  Although substitution at 
the 2- and 5-positions of the pyrrole could conceivably vary, the 2,5-unsubstituted 
organometallic fused-ring pyrrole would be susceptible towards electrochemical 
polymerization.121  Thus, the Biot route employing dicarboxaldehyde would allow 
for polymerization of the fused-ring ferrocene monomer.   Conversion of the 
reduced ring to the pyrrole could be accomplished two ways (Figure 4.2).  The first 
involves conversion of the N-alkyl cyclic amine to its amine oxide, then elimination 
with acetic anhydride.122  Kreher and Pawelczyk found that oxidation of N-alkyl-∆3-
pyrrolines with hydrogen peroxide followed by acetylation with acetic anhydride 
gives the corresponding pyrrole (A).123  This method has also been applied to the 
N-alkyl isoindoline system to convert to the isoinodoles (B).124  The second 
involves direct formation of the pyrrole by MnO2 oxidation under microwave 
radiation (C).  Garrigues and Soufiaoui were able to dehydrogenate various alkyl 
pyrrolidines including the methyl case in good yield (58–96%) with the advantage 
of the short reaction times of microwave-assisted synthesis.122       
To test the feasibility of this system to effectively reductively aminate, we 
decided to first investigate the reductive amination of ferrocenecarboxaldehyde, 
which, as opposed to the dialdehyde, is more readily available.125  Biot and 
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coworkers attributed low yield (32%) of their fused-ring product to a substantial 
amount of by-products due to the long reaction times needed for complete 
conversion to the fused-ring product.120  We reasoned that a stepwise approach, 
instead of in situ formation of the intermediates, employing the simpler 
methylamine would allow for higher yield and better control over the reaction.  The 
optimal reaction conditions could then be used as a starting point for the formation 
of the desired fused-ring organometallic polymers.  Herein we report the stepwise 
synthesis and characterization of di(N-(ferrocenylmethyl)-N-methylamine, its novel 
cyanoborohydride salt, and the boron-bound, cyanoborane analog.            
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Figure 4.1. A)  Biot synthesis of aza-[3]-ferrocenophanes from 1,2-
ferrocenecarboxaldehyde.120  B)  Envisioned ferrocene-fused polypyrrole.   
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Figure 4.2. Pyrrole and pyrrole derivative synthesis from saturated 
precursors.122-124 
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Experimental 
 
Chapter 2 lists the general conditions for all experiments.  
Ferrocenecarboxaldehyde (39) was prepared according to literature methods.125  
Aqueous methylamine (Aldrich), NaBH4 (Merck), NaBH3CN (Aldrich), and ethyl 
alcohol (Aaper), were used without further purification.     
Synthesis of [(methylimino)methyl]ferrocene (40).  In a 25-mL round- 
bottom flask, ferrocenecarboxaldehyde (522 mg, 2.43 mmol) was added to a 
stirred solution of 40% aqueous methylamine (10 mL) at 0 °C.  The solution was 
allowed to warm to room temperature and stir for 2 h.  The reaction mixture was 
washed with ethyl ether (4 x 20 mL) and the combined ether extracts were dried 
over MgSO4.  The volatiles were removed in vacuo to give 40 (460 mg, 83.2%) as 
a deep red, crystalline solid.   1H NMR (200 MHz, CDCl3, ppm):  δ 3.32 (d, 3H, 4J = 
1.2 Hz, Me), 4.16 (s, 5H, Cp), 4.33 (t, 2H, 3J = 2.0 Hz, C4H5), 4.59 (t, 2H, 3J = 2.0 
Hz, C4H5), 8.10 (br s, 1H, CH).   Lit.126 1H NMR (CDCl3, ppm):  δ 3.35 (3H, Me), 
4.2 (s, 5H, Cp), 4.4 (t, 2H, C4H5), 4.7 (t, 2H, C4H5), 8.15 (s, 1H, CH). 
Synthesis of N-(ferrocenylmethyl)-N-methylamine (41).  In a 50-mL 
Schlenk flask, 40 (480 mg, 2.11 mmol) was added to suspension of 2.5 equivalents 
of NaBH4 (200 mg, 5.29 mmol) in 25 mL of ethyl alcohol.  The solution immediately 
turned yellow-orange and was allowed to stir for 2 h at room temperature.  The 
volatiles were removed in vacuo and the product was extracted with ethyl ether (3 
x 30 mL).  The combined ether extracts were washed with water and dried over 
MgSO4.  The volatiles were removed in vacuo to give 41 (390 mg, 80.5%) as a 
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yellow-orange oil.   1H NMR (200 MHz, CDCl3, ppm):  δ 0.85 (br s, 1H, NH), 2.43 
(s, 3H, CH3), 3.46 (s, 2H, CH2), 4.08 (m, 2H, C4H5), 4.10 (s, 5H, Cp), 4.16 (m, 2H, 
C4H5).  Lit.117 (500 MHz, ppm):  δ 2.4 (s, Me), 3.4 (s, CH2), 4.0 (m, C4H5), 4.1 (Cp), 
4.1 (m, C4H5).   
Synthesis of di(N-(ferrocenylmethyl))-N-methylammonium 
cyanoborohydride (42).  In a 125-mL Schlenk flask, 41 (370 mg, 1.61 mmol) and 
NaCNBH3 (152 mg, 2.43 mmol) were added to a stirred solution of 
ferrocenecarboxaldehyde (517 mg, 2.38 mmol) in 40 mL of ethyl alcohol.  The dark 
red solution was allowed to stir at room temperature for 2 h.  The volatiles were 
removed in vacuo and the product was isolated by chromatography using a thin 
pad of silica and diethyl ether.  The product was eluted with acetone and the 
volatiles were removed in vacuo to give 42 (290 mg, 39.6%) as a yellow-orange 
solid.  Slow recrystallization from ethyl ether at room temperature in air gave 
orange, single crystals.  Mp:  158–159 °C.  1H NMR (200 MHz, CDCl3, ppm):  
δ 1.55 (br s, 1H, NH), 2.30 (s, 3H, Me), 3.82 (s, 4H, CH2), 4.16 (s, 10H, Cp), 4.29–
4.31 (m, 8H, C4H5).  13C NMR (50 MHz, CD2Cl2, ppm):  δ 37.7 (Me), 55.6 (CH2), 
69.5 (CN), 69.8 (Cp), 70.8 (C4H5), 71.8 (C4H5), 74.0 (C4H5).  IR (KBr, cm-1):  3442 
(NH), 2335 (BH2), 2175 (CN).  MS (MALDI-TOF):  m/z 453 (M+– Me), 427 (M+ – 
BH3CN).  Anal. Calcd. for  C24H29N2BFe2: C, 61.59; H, 6.25; N, 5.99.  Found: C, 
60.94; H, 6.15; N, 6.00.    
Synthesis of di(N-(ferrocenylmethyl))-N-methylamine (43).  Di(N-
(ferrocenylmethyl))-N-methylamine was synthesized by the same procedure as 42 
(employing 349 mg of 41) only with a slight modification in the workup.  The 
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reaction solution was washed with water (3 x 30 mL) and the volatiles were 
removed in vacuo.  The product was isolated by chromatography using a thick pad 
of silica with 50/50 hexanes/diethyl ether.  The product was eluted with ethyl ether 
and the volatiles were removed in vacuo to give 5 (90 mg, 13.8%) as an orange 
solid.  Slow recrystallization from hexanes at room temperature in air gave orange, 
single crystals.  Mp:  68–69 °C.  1H NMR (200 MHz, CDCl3, ppm):  δ 2.05 (s, 3H, 
Me), 3.33 (s, 4H, CH2), 4.08 (10H, s, Cp), 4.09 (m, 4H, C4H5), 4.15 (m, 4H, C4H5).  
13C{1H} NMR (50 MHz, CDCl3, ppm):  δ 41.2 (Me), 56.4 (CH2), 68.1 (C4H5), 68.7 
(Cp), 70.4 (C4H5), 83.5 (C4H5).  IR (KBr, cm-1):  1631, 1611 (Cp).  MS (EI):  m/z 
427 (M+).  Anal. Calcd. for C23H25NFe2: C, 64.67;  H, 5.90; N, 3.28.  Found: C, 
64.44; H, 5.87, N, 3.36.    
 Synthesis of (N-(ferrocenylmethyl))-N-methylamine–cyanoborane (44).  
In a 125 mL Schlenk flask, 42 (80.0 mg, 0.171 mmol) was added to 40 mL of THF.  
The solution was allowed to reflux overnight.  The reaction was allowed to cool to 
room temperature and the volatiles were removed in vacuo.  The product was 
isolated by chromatography using a thin pad of silica and ethyl ether as eluent.  
The ether layer was collected and the volatiles were removed in vacuo to give 44 
(38.6 mg, 48.5%) as a yellow-orange powder.  Slow recrystallization from ethyl 
ether at room temperature in air gave yellow, single crystals.  Mp:  163–164 °C.  
1H NMR (200 MHz, CDCl3, ppm):  δ 2.26 (s, 3H, Me), 3.78 (s, 4H, CH2), 4.17 
(10H, s, Cp), 4.29–4.42 (m, 8H, C4H5).  13C{1H} NMR (50 MHz, CDCl3, ppm):  
δ 45.5 (Me), 60.8 (CH2), 66.9 (CN), 69.8 (Cp), 70.8 (C4H5), 73.4 (C4H5), 76.1 
(C4H5).  IR (KBr, cm-1):  2424 (CN), 2384, 2330 (BH), 1633 (Cp).  MS (EI):  m/z 
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466 (M+), 427 (M+ – BH2CN).  Anal. Calcd. for  C24H27N2BFe2: C, 61.86; H, 5.84; N, 
6.01.  Found: C, 62.26; H, 5.99; N, 5.39.         
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Results 
  
 Synthesis of Biferrocenes.  Synthesis of the biferrocenes could be 
accomplished stepwise starting with ferrocenecarboxaldehyde (39)125 without 
further modification.  Although formation of the corresponding methylimine, 
[(methylimino)methyl]ferrocene  (40), was previously reported by Al-Najjar and 
coworkers from 39,127 we were unable to reproduce their results.  Reaction of the 
aldehyde 39 with a 40% aqueous solution of methylamine was found to be an 
effective route of synthesizing the methyl imine 40 in good yield (82.3%) (Scheme 
4.1).  The conditions entailed addition of the aldehyde at 0 °C, then allowing the 
suspension to warm to room temperature and stir for 2 h. 
  The crude Schiff base 40 was then reduced with addition of excess NaBH4 
in ethyl alcohol to give N-(ferrocenylmethyl)-N-methylamine (41). The methylamine 
41 formed under mild conditions (2 h, room temperature) and good yield (80.5%).   
 The crude methylamine 41 reacted with 1.5 equivalents of 
ferrocenecarboxaldehyde in a suspension of NaBH3CN in ethyl alcohol to give the 
biferrocene salt, di(N-(ferrocenylmethyl))-N-methylammonium cyanoborohydride 
(42) in moderate yield (39.6%).  Again, only mild conditions were needed, as the 
di(N-(ferrocenylmethyl))-N-methylamine (43), was obtained in low yield (13.8%) 
employing identical conditions as in the formation of the salt 42, with the addition of 
a water wash in the workup.  Conversion of the salt 42 to a cyanoborane adduct, 
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Scheme 4.1.  Synthesis of di(N-(ferrocenylmethyl))-N-methylammonium 
cyanoborohydride (42) and di(N-(ferrocenylmethyl))-N-methylamine (43). 
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Scheme 4.2.     Synthesis of (N-(ferrocenylmethyl))-N-methylamine–cyanoborane 
(44) from di(N-(ferrocenylmethyl))-N-methylammonium cyanoborohydride (42).   
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di(N-ferrocenylmethyl))-N-methylamine-cyanoborane (44), was accomplished in 
moderate yield (48.5%) by refluxing the salt 42 in THF for 18 h (Scheme 4.2).   
 Structure. The structures of di(N-(ferrocenylmethyl))-N-methyl ammonium 
cyanoborohydride (42), di(N-(ferrocenylmethyl))-N-methylamine (43), and (N-
(ferrocenylmethyl))-N-methylamine–cyanoborane (44) were determined by X-ray 
crystallographic methods.  Chapter 2 lists the conditions for crystal growth, 
mounting, data collection, and crystallographic programs.  Di(N-
(ferrocenylmethyl))-N-methylammonium cyanoborohydride (42) and di(N-
(ferrocenylmethyl))-N-methylamine (43) (N-(ferrocenylmethyl))-N-methylamine–
cyanoborane (44) are shown in Figures 4.3, 4.4 and 4.5.  Crystal structure and 
refinement data for compounds 42, 43, and 44 can be found on Table 2.1.  Bond 
distances and angles for 42, 43, and 44 can be found in Tables 4.2–4.3.  Multiple 
entries for 42 in Tables 4.2–4.3 are for unique molecules in the asymmetric unit.  
Multiple entries for 43 in Tables 4.2–4.3 are due to disorder.  Additional crystal 
structure data for compounds 42, 43, and 44 can be found in Tables A.16.1–
A.18.4.  
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Figure 4.3.  Molecular structure of di(N-(ferrocenylmethyl))-N-methylammonium 
cyanoborohydride (42). 
 
  
 
257
 
Figure 4.4.  Molecular structure of di(N-(ferrocenylmethyl))-N-methylamine (43). 
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Figure 4.5.  Molecular structure of (N-(ferrocenylmethyl))-N-methylamine–
cyanoborane (44). 
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Table 4.1 Crystal Data and Structure Refinement for Compounds 42, 43, and 44. 
 
 42 43 44 
Formula C24H224bFe2N2 C23H25Fe2N C24H27BFe2N2 
Formula wt (amu) 468.00 427.14 465.99 
T, K 90.0(2) 90.0(2) 90.0(2) 
Crystal system Triclinic Orthorhombic Triclinic 
Space group P -1 P 2,2,2 P -1 
Z 4 4 2 
a, Å 8.8296(2) 5.73420(10) 10.3376(2) 
b, Å 13.9010(4) 11.4496(3) 10.7913(2) 
c, Å 18.5772(5) 28.5815(9) 11.5755(2) 
α,(deg) 92.3961(11) 90 106.2742(8) 
β, (deg) 91.0359(11) 90 107.8493(8) 
γ, (deg) 103.2296(11) 90 110.9530(8) 
V, Å3 2216.82(10) 1876.50(8) 1031.60(3) 
dcalc, Mg/m3 1.402 1.512 1.500 
F(000) 976 888 484 
Crystal size (mm3) 0.28 x 0.22 x 
0.15 
0.20 x 0.15 x 
0.15 
0.10 x 0.10 x 
0.08 
Radiation Mo Kα (λ = 
0.7107 Å) 
Mo Kα (λ = 
0.7107 Å) 
Mo Kα (λ = 
0.7107 Å) 
Monochromator Graphite Graphite Graphite 
Absorption coef µ (mm-1) 1.321 1.55 1.419 
Diffractometer NONIUS 
KappaCCD 
NONIUS 
KappaCCD 
NONIUS 
KappaCCD 
2θ range (deg) 1.10° to 25.00° 1.42° to 25.49° 2.06° to 27.47° 
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Table 4.1. continued. 
 
Limiting indices -10 ≤ h ≤ 10 -6 ≤ h ≤ 6 -13≤h≤13 
  -16 ≤ k ≤ 16 -13 ≤ k ≤ 13 -13≤k≤13 
 -22 ≤ l ≤ 22 -34 ≤ l ≤ 34 -15≤l≤15 
Reflections collected 15013 3473 23773 
Independent relfections 7829 (Rint = 
0.0424) 
3473 (Rint = 
0.0000) 
4717 R(int) = 
0.0528 
Absorption correction Semi-empirical 
from 
equivalents 
Semi-empirical 
from 
equivalents 
Semi-empirical 
from  
equivalents 
Refinement method SHELX97 SHELX97 SHELX97 
Refinement method Full-matrix 
least-squares 
on F2 
Full-matrix 
least-squares 
on F2 
Full-matrix 
least-squares 
on F2 
Data/restraints/parameters 7736/0/525 2764/0/185 4717 / 0 / 263 
Goodness-of-fit on F2 1.192 1.001 1.031  
   
Final R indices [I>2σ(l)] R1 = 0.0649, 
wR2 = 0.1508 
R1 = 0.0493, 
wR2 = 0.0709 
R1 = 0.0351, 
wR2 = 0.0751 
R indices (all data) R1 = 0.0907, 
wR2 = 0.1605 
R1 = 0.0974, 
wR2 = 0.0832 
R1 = 0.0567, 
wR2 = 0.0835 
Largest diff. peak and hole  1.000 e•Å-3 
and -0.650 
e•Å-3 
0.597 e•Å-3 
and -0.461 
e•Å-3 
0.707 and e•Å-3  
and  -0.399  
e•Å-3 
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  Table 4.2  Bond Distances (Å) for 42, 43, and 44. 
 
 42 43 44 
Fe1–C2 2.031(6), 2.038(6)   2.048(4) 2.054(2) 
Fe1–C3             2.030(6), 2.033(6) 2.034(5) 2.040(2) 
Fe1–C4 2.047(6), 2.045(6) 2.035(5) 2.053(2) 
Fe1–C5 2.049(6), 2.048(6) 2.034(5) 2.051(2) 
Fe1–C6 2.051(6), 2.043(6) 2.047(5) 2.050(2) 
Fe1–C7             2.041(7), 2.057(6) 2.085(16), 2.021(12) 2.056(2) 
Fe1–C8             2.044(6), 2.042(6) 2.051(14), 2.004(13) 2.056(2) 
Fe1–C9             2.031(7), 2.036(6) 2.073(12), 2.032(16) 2.045(2) 
Fe1–C10           2.036(7), 2.034(7) 2.093(13), 2.031(13) 2.038(2) 
Fe1–C11           2.040(7), 2.047(6) 2.090(12), 2.030(10) 2.052(2) 
Fe2–C13           2.025(6), 2.012(7)   2.047(5) 2.033(2) 
Fe2–C14           2.045(6), 2.042(6) 2.034(5) 2.027(2) 
Fe2–C15           2.049(6), 2.043(6) 2.051(5) 2.041(2) 
Fe2–C16           2.038(7), 2.046(6) 2.056(5) 2.042(2) 
Fe2–C17           2.031(6), 2.044(6) 2.038(5) 2.044(2) 
Fe2–C18           2.059(7), 2.022(7) 2.061(13), 2.039(14) 2.055(2) 
Fe2–C19           2.043(6), 2.042(6) 2.054(11), 2.053(12) 2.049(2) 
Fe2–C20           2.027(7), 2.043(7) 2.055(11), 2.045(13) 2.040(2) 
Fe2–C21           2.034(7), 2.042(7) 2.033(12), 2.046(12) 2.041(2) 
Fe2–C22           2.047(7), 2.038(7) 2.049(11), 2.027(13) 2.046(2) 
N1–C1  1.526(7), 1.518(7) 1.465(5) 1.523(3) 
N1–C12 1.505(8), 1.508(7) 1.471(5) 1.521(3) 
N1–C23 1.490(8), 1.498(7) 1.472(6) 1.491(3) 
N2–C24 1.167(9), 1.146(8)  – 1.146(3) 
B1–N1 – – 1.619(3) 
B1–C24 1.563(11), 1.587(10) – 1.599(3) 
C1–C2 1.486(8), 1.484(8) 1.500(6) 1.492(3) 
C2–C3 1.429(9), 1.436(8) 1.427(6) 1.433(3) 
C2–C4  1.426(9), 1.423(9) 1.423(7) 1.431(3) 
C3–C6 1.404(9), 1.406(9)  1.402(7) 1.424(3) 
C4–C5 1.428(9), 1.422(9) 1.400(6) 1.419(3) 
C5–C6 1.413(10), 1.411(9) 1.416(7) 1.423(3) 
C7–C8 1.426(9), 1.426(9)  1.404(13), 1.401(11) 1.420(3) 
C7–C11 1.407(10), 1.418(9) 1.412(13), 1.408(12) 1.429(3) 
C8–C9  1.406(10), 1.416(10) 1.437(12), 1.433(12) 1.423(3) 
C9–C10 1.395(10), 1.416(10)  1.439(11), 1.433(11) 1.423(3) 
C10–C11 1.419(10), 1.418(9) 1.409(11), 1.412(11) 1.425(3) 
C12–C13 1.479(8), 1.486(8) 1.490(6) 1.496(3) 
C13–C14 1.428(9), 1.411(9)  1.407(7) 1.430(3) 
C13–C17 1.452(8), 1.426(8) 1.418(6) 1.422(3) 
C14–C15 1.415(9), 1.417(9) 1.414(7) 1.433(3) 
C15–C16 1.414(9), 1.424(9) 1.408(7) 1.416(3) 
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C16–C17 1.411(9), 1.430(9) 1.418(6) 1.420(3) 
C18–C19 1.385(10), 1.410(10) 1.430(12), 1.408(13) 1.415(3) 
C18–C22 1.431(10), 1.403(10) 1.413(13), 1.421(12) 1.418(3) 
C19–C20 1.450(11), 1.419(10) 1.389(11), 1.418(11) 1.429(3) 
C20–C21 1.407(11), 1.411(10) 1.407(11), 1.402(12) 1.423(3) 
C21–C22 1.402(10), 1.411(11) 1.421(11), 1.424(12) 1.419(3) 
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Table 4.3  Bond Angles [°] for 42, 43, and 44.   
 42 43 44 
C3–Fe1–C2 41.2(2), 41.3(2)   40.93(18) 40.97(9) 
C3–Fe1–C9 128.5(3), 125.3(3)  154.3(4), 116.9(4) 124.63(9) 
C2–Fe1–C9 107.6(3), 106.1(3)  164.5(4), 108.4(4) 107.20(9) 
C3–Fe1–C10 106.2(3), 105.5(3)  163.8(4), 163.9(4) 105.77(9) 
C2–Fe1–C10 114.9(3), 116.7(3)  127.8(4), 124.7(4)  118.89(9)  
C9–Fe1–C10 40.1(3), 40.8(3)   41.1(3), 55.5(4) 40.80(9) 
C3–Fe1–C11 115.5(3), 117.6(3)  127.5(4), 127.4(4) 118.64(9) 
C2–Fe1–C11 148.1(3), 151.4(3)  104.6(3),165.5(4)  153.67(9) 
C9–Fe1–C11 67.6(3), 68.3(3)   68.1(4), 20.6(3) 68.51(9) 
C10–Fe1–C11 40.7(3), 40.7(3)  39.7(4), 40.6(4) 40.78(9) 
C3–Fe1–C7 149.1(3), 152.7(3)  108.7(3), 165.7(4)  154.37(10) 
C2–Fe1–C7 169.5(3), 165.6(3)  152.7(4), 152.7(4) 163.91(9) 
C9–Fe1–C7 67.8(3), 68.3(3)   68.5(4), 20.3(3) 68.23(9) 
C10–Fe1–C7 68.3(3), 68.4(3)   68.4(6), 68.7(5) 68.47(10) 
C11–Fe1–C7 40.3(3), 40.4(3)   40.3(4), 40.1(4)  40.72(9) 
C3–Fe1–C8 167.5(3), 163.9(3)  119.4(4), 151.5(5) 162.75(9) 
C2–Fe1–C8 129.7(3), 126.7(3)  150.2(5), 118.9(4) 126.28(9) 
C9–Fe1–C8 40.4(3), 40.6(3)  41.5(4), 40.9(3) 40.60(9) 
C10–Fe1–C8 68.3(3), 68.5(3)  69.9(5), 15.4(4) 68.46(10) 
C11–Fe1–C8 68.2(3), 68.3(3)   68.6(4), 25.2(3) 68.34(9) 
C7–Fe1–C8 40.8(3), 40.7(3)   40.6(3), 56.4(4) 40.39(9) 
C3–Fe1–C4 68.7(3), 68.7(3)   68.1(2) 68.51(9) 
C2–Fe1–C4 41.0(2), 40.8(2)   40.79(19) 40.77(9) 
C9–Fe1–C4 118.0(3), 118.9(3)  128.5(5), 131.0(5) 121.05(9) 
C10–Fe1–C4 149.0(3), 151.9(3)  167.8(4), 105.3(4) 154.88(9) 
C11–Fe1–C4 169.7(3), 166.6(3)  152.3(4), 114.9(4)  163.68(9) 
C7–Fe1–C4 131.7(3), 129.2(3)  148.3(5), 119.8(5) 127.17(9) 
C8–Fe1–C4 109.8(3), 109.1(3)  168.9(5), 110.8(4) 109.39(9) 
C3–Fe1–C5 68.1(3), 68.2(3)  67.9(2) 68.52(9) 
C2–Fe1–C5 68.7(3), 68.6(2)   68.5(2) 68.57(9) 
C9–Fe1–C5 151.9(3), 154.3(3)  110.5(4), 169.4(5) 156.14(10) 
C10–Fe1–C5 167.6(3), 164.6(3)  149.0(5), 117.2(4)  162.24(10) 
C11–Fe1–C5 130.5(3), 128.5(3)  118.6(4), 149.1(4)  125.87(9) 
C7–Fe1–C5 110.5(3), 110.4(3)  109.6(5), 170.2(5)  108.97(9) 
C8–Fe1–C5 119.4(3), 121.3(3)  132.3(4), 130.9(5) 121.78(9) 
C4–Fe1–C5 40.8(3), 40.7(2)   40.26(19) 40.44(9) 
C3–Fe1–C6 40.3(2), 40.4(2)   40.19(18) 40.76(9) 
C2–Fe1–C6 68.6(2), 68.6(2)   68.58(19) 68.71(9) 
C9–Fe1–C6 166.4(3), 163.2(3)  121.5(4), 148.9(5) 161.75(9) 
C10–Fe1–C6 128.4(3), 126.0(3)  114.9(4), 152.7(4) 124.29(10) 
C11–Fe1–C6 108.3(3), 108.2(3)  166.7(4) 106.82(9) 
C7–Fe1–C6 118.1(3), 120.5(3)  128.9(5), 131.0(4)  120.52(9) 
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C8–Fe1–C6 151.7(3), 155.1(3)  111.6(4), 168.0(5) 155.83(9) 
C4–Fe1–C6 68.4(3), 68.3(2)   68.0(2) 68.24(9) 
C5–Fe1–C6 40.3(3), 40.4(3)   40.6(2) 40.62(9) 
C13–Fe2–C20 119.0(3), 123.6(3)  129.8(5), 130.0(5)  119.72(9) 
C13–Fe2–C17 42.0(2), 41.1(2)   40.61(18) 41.16(9) 
C20–Fe2–C17 154.3(3), 160.0(3)  167.9(5), 108.1(4) 108.28(9) 
C13–Fe2–C21 105.8(3), 107.4(3)  169.9(6), 107.8(3) 107.25(9) 
C20–Fe2–C21 40.5(3), 40.4(3)   40.3(3), 57.1(4) 40.83(10) 
C17–Fe2–C21 118.9(3), 123.4(3)  132.3(5), 129.6(5) 126.79(9) 
C13–Fe2–C16 69.4(2), 69.2(2) 68.59(19)  68.94(9) 
C20–Fe2–C16 164.2(3), 158.1(3) 150.6(5), 115.6(5) 126.92(10) 
C17–Fe2–C16 40.6(3), 40.9(2) 40.52(18)  40.68(9) 
C21–Fe2–C16 154.0(3), 159.5(3) 168.2(5), 110.5(4) 164.52(10) 
C13–Fe2–C19 155.8(3), 160.3(3)  106.6(4), 167.0(6) 155.14(10) 
C20–Fe2–C19 41.7(3), 40.6(3)   40.6(3), 58.6(4) 40.90(10) 
C17–Fe2–C19 161.6(3), 157.5(3)  113.9(5), 151.5(5) 120.59(9) 
C21–Fe2–C19 68.9(3), 68.0(3)  68.2(4), 67.7(4) 68.41(10) 
C16–Fe2–C19 125.7(3), 121.9(3) 118.5(4), 146.2(6) 108.36(10) 
C13–Fe2–C14 41.1(2), 40.8(2)   40.3(2) 41.26(9) 
C20–Fe2–C14 108.4(3), 108.6(3)  110.0(4), 169.4(5)  154.31(10) 
C17–Fe2–C14 69.0(3), 68.4(3)   67.3(2) 69.03(9) 
C21–Fe2–C14 125.8(3), 123.1(3)  149.5(6), 117.5(4) 119.05(10) 
C16–Fe2–C14 68.3(3), 68.3(3) 67.6(2) 68.67(9) 
C19–Fe2–C14 121.7(3), 124.4(3)  131.2(5), 129.7(5) 162.70(10) 
C13–Fe2–C22 123.9(3), 121.7(3)  146.6(6), 117.4(4) 125.44(10) 
C20–Fe2–C22 68.0(3), 68.2(3)  66.7(5), 19.1(4) 68.58(10) 
C17–Fe2–C22 106.2(3), 106.9(3)  172.5(6), 109.1(3) 163.84(10) 
C21–Fe2–C22 40.2(3), 40.5(3)  41.1(4), 40.6(3) 40.62(10) 
C16–Fe2–C22 120.0(3), 122.9(3) 130.3(5), 133.8(6) 153.74(10) 
C19–Fe2–C22 68.1(3), 68.1(3)   68.6(5), 67.8(4)  68.16(9) 
C14–Fe2–C22 162.1(3), 158.3(3)  116.9(5), 150.5(5) 106.53(10) 
C13–Fe2–C15 69.1(2), 69.1(2)  68.5(2) 69.15(9) 
C20–Fe2–C15 127.1(3), 122.6(3)  118.5(5), 148.0(5) 163.84(10) 
C17–Fe2–C15 68.5(3) 68.8(3),  67.7(2) 68.65(9) 
C21–Fe2–C15 163.6(3), 158.6(3)  117.8(4), 150.4(5) 153.59(10) 
C16–Fe2–C15 40.5(3), 40.8(3) 40.13(19) 40.59(9) 
C19–Fe2–C15 109.0(3), 107.7(3)  171.1(6), 109.0(3) 125.85(10) 
C14–Fe2–C15 40.4(2), 40.6(2)   40.48(19) 40.93(9) 
C22–Fe2–C15 155.5(3), 159.4(3)  111.1(4), 167.8(6) 118.86(10) 
C13–Fe2–C18 162.2(3), 157.3(3)  150.3(6), 113.9(5) 162.83(10) 
C20–Fe2–C18 67.9(3), 68.4(3)    66.9(5), 68.6(6)  68.40(10) 
C17–Fe2–C18 125.0(3), 121.4(3)  145.6(6),118.2(5) 154.67(9) 
C21–Fe2–C18 67.9(3), 68.0(3)  68.2(4), 19.1(4) 68.14(9) 
C16–Fe2–C18 108.4(3), 106.9(3) 109.2(4),  172.7(6) 119.91(10) 
C19–Fe2–C18 39.5(3), 40.6(3)   40.6(4), 57.7(4) 40.32(9) 
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C14–Fe2–C18 155.9(3), 160.3(3)  109.6(4) 125.16(10)  
C22–Fe2–C18 40.8(3), 40.4(3)  40.5(4), 55.7(4) 40.44(9) 
C15–Fe2–C18 121.5(3), 123.3(3)  133.5(6) 107.18(10) 
C4–C2–Fe1 70.1(4), 69.9(3) 69.1(3) 69.59(12) 
C3–C2–Fe1 69.4(3), 69.1(3) 69.0(3) 68.99(12) 
C1–C2–Fe1 122.0(4), 122.4(4) 123.8(3) 126.06(15) 
C2–C4–Fe1 68.9(4), 69.3(3) 70.1(3) 69.64(12) 
C5–C4–Fe1 69.7(4), 69.8(4) 69.9(3) 69.69(13)  
C6–C5–Fe1 69.9(4), 69.6(4) 70.2(3) 69.64(13) 
C4–C5–Fe1 69.5(4), 69.6(3) 69.9(3) 69.87(13) 
C3–C6–Fe1 69.1(3), 69.4(3) 69.4(3) 69.26(13) 
C5–C6–Fe1 69.8(4), 70.0(3) 69.2(3) 69.74(13) 
C6–C3–Fe1 70.6(4), 70.2(3) 70.4(3) 69.98(13) 
C2–C3–Fe1 69.4(3), 69.5(3) 70.1(3) 70.04(12) 
C9–C8–Fe1 69.3(4), 69.5(4) 70.1(7), 70.8(8) 69.29(13) 
C7–C8–Fe1 69.5(4), 70.2(4) 70.9(8), 70.7(7) 69.81(13) 
C11–C7–Fe1 69.8(4), 69.4(4) 70.5(7), 70.0(6) 69.47(13) 
C8–C7–Fe1 69.7(4), 69.1(4) 69.3(8), 68.7(7) 69.80(13) 
C7–C11–Fe1 69.9(4), 70.2(4) 69.8(7), 69.5(6) 69.81(13) 
C10–C11–Fe1 69.5(4), 69.2(4) 70.0(6), 69.7(6) 69.08(13) 
C9–C10–Fe1 69.8(4), 69.7(4) 69.2(6), 69.8(8) 69.88(13) 
C11–C10–Fe1 69.8(4), 70.2(4) 70.4(6), 69.8(6) 70.14(13)  
C10–C9–Fe1 70.1(4), 69.5(4) 70.1(6), 69.1(8) 69.32(13)  
C8–C9–Fe1 70.3(4), 69.9(4) 69.0(7), 67.8(8) 70.12(13) 
C14–C13–Fe2 70.2(3), 70.7(4) 69.3(3) 69.15(13) 
C17–C13–Fe2 69.2(3), 70.6(4)   69.3(3) 69.82(12) 
C12–C13–Fe2 126.6(4), 128.2(4)  125.4(3) 120.67(15) 
C15–C14–Fe2 69.9(4), 69.7(4)   70.4(3) 70.06(13)  
C13–C14–Fe2 68.7(3), 68.5(4)  70.3(3) 69.59(12) 
C16–C15–Fe2 69.3(4), 69.7(4)   70.2(3) 69.15(13) 
C14–C15–Fe2 69.7(3), 69.7(4)  69.1(3) 69.01(13) 
C17–C16–Fe2 69.4(4), 69.4(4)   69.0(3) 69.74(13) 
C15–C16–Fe2 70.2(4), 69.5(4)  69.8(3) 69.73(13) 
C16–C17–Fe2 70.0(4), 69.6(4)   70.4(3) 69.59(13) 
C13–C17–Fe2 68.8(3), 68.2(4)   70.0(3) 69.02(12) 
C18–C19–Fe2 70.9(4), 68.9(4)   70.0(6), 69.2(7) 70.07(13)  
C20–C19–Fe2 68.6(4), 69.7(4)   70.4(6), 69.1(7) 69.19(13) 
C19–C18–Fe2 69.6(4), 70.4(4)   69.3(6), 70.2(7) 69.61(13) 
C22–C18–Fe2 69.2(4), 70.4(4)   69.4(6), 69.3(7) 69.44(13) 
C21–C22–Fe2 69.4(4), 69.9(4)   69.6(6), 69.7(7) 69.49(13) 
C18–C22–Fe2 70.1(4), 69.2(4)   70.5(6), 70.2(7) 70.12(13) 
C22–C21–Fe2 70.4(4), 69.6(4)   69.8(6), 69.3(7) 69.89(13) 
C20–C21–Fe2 69.5(4), 69.8(4)   70.4(6), 70.0(7) 69.54(13) 
C21–C20–Fe2 70.0(4), 69.7(4)   69.5(6), 69.7(7) 69.64(13) 
C19–C20–Fe2 69.7(4), 69.7(4)   70.1(6), 70.3(7) 69.90(13) 
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C23–N1–C12 112.2(5), 111.4(5) 109.0(4) 109.35(17) 
C23–N1–C1 112.1(5), 112.2(4) 111.6(4) 109.78(17) 
C12–N1–C1 108.6(4), 109.1(4) 107.9(4) 108.82(16) 
C4–C2–C3 107.4(6), 107.3(5) 106.0(4) 107.14(19) 
C4–C2–C1 126.7(6), 126.2(5) 127.0(5) 127.5(2) 
C3–C2–C1 125.7(6), 126.3(6) 126.8(5) 125.3(2) 
C5–C4–C2 107.5(6), 108.0(5) 108.9(5) 108.5(2) 
C6–C5–C4 108.3(6), 108.0(5) 108.3(5) 108.1(2) 
C3–C6–C5 108.3(6), 108.7(5) 107.4(5) 107.9(2)  
C6–C3–C2 108.5(6), 108.0(6) 109.3(5) 108.3(2) 
C9–C8–C7 106.7(6), 108.0(6) 107.9(9), 107.9(9) 108.0(2) 
C11–C7–C8 108.0(6), 107.6(6) 108.0(9), 108.3(8) 108.2(2) 
C7–C11–C10 108.2(6), 108.3(6) 109.8(8), 109.3(8) 107.6(2) 
C9–C10–C11 107.2(7), 108.0(6) 106.5(9), 106.8(8) 108.1(2) 
C10–C9–C8 109.8(6), 108.1(6) 107.8(9), 107.6(10) 108.0(2) 
C2–C1–N1 113.2(5), 112.7(5) 113.2(4) 112.81(17) 
C13–C12–N1 111.7(5), 112.9(5) 113.8(4) 116.76(17) 
C14–C13–C17 106.6(5), 107.9(5) 106.1(4) 107.3(2) 
C14–C13–C12 126.3(5), 125.7(5) 126.8(5) 127.1(2) 
C17–C13–C12 127.2(6), 126.1(6) 127.2(5) 125.2(2) 
C15–C14–C13 108.6(6), 108.8(6) 109.8(5) 108.3(2) 
C16–C15–C14 108.3(6), 107.7(6) 107.4(5) 107.9(2) 
C17–C16–C15 108.7(6), 107.9(6) 107.5(5) 108.6(2) 
C16–C17–C13 107.9(6), 107.6(6) 109.2(5) 107.9(2) 
C18–C19–C20 107.2(7), 107.7(6) 107.9(9), 107.1(9) 108.1(2) 
C19–C18–C22 108.9(6), 108.5(6) 107.2(8), 108.7(9) 108.2(2) 
C21–C22–C18 107.8(7), 107.8(7) 108.4(8), 107.5(9) 108.0(2) 
C22–C21–C20 108.4(7), 108.3(6) 107.1(8), 108.2(9) 108.2(2) 
C21–C20–C19 107.7(7), 107.6(6) 109.5(9), 108.6(9) 107.4(2) 
C1–N1–B1 – – 113.45(17) 
C23–N1–B1 – – 107.62(17) 
C24–N1–B1  – 107.88(18) 
C12–N1–B1 – – 107.73(16) 
N2–C24–B1 178.4(8), 178.5(7) – 179.7(3) 
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Discussion 
 
Synthesis. Synthesis of N-(ferrocenylmethyl)-N-methylamine (41) was 
previously accomplished by Myer and Allen from ferrocenecarboxaldehyde (39), 
employing in situ formation of [(methylimino)methyl]ferrocene  (40) from the 
monoaldehyde 39 and methylamine hydrochloride followed by reduction with 
NaCNBH3 to the methylamine 41 (Scheme 4.3, A).  The authors reported 
reasonable yield (54%) on a significantly larger scale (8.02 g) than we employed.  
Our interest in the feasibility of a stepwise synthetic approach to dimer formation 
led us to pursue a convenient transformation of the aldehyde 39 to the methylimine 
40.    
Al-Najjar and coworkers previously synthesized the methylimine 40 
employing methylamine hydrochloride, which was neutralized with an aqueous 
solution of KOH and extracted into benzene (Scheme 4.3, B).127  Refluxing the 
aldehyde 39 in this benzene solution in the presence of molecular sieves gave the 
desired Schiff base in 70% yield.  Cully and Watts also reported formation of the 
methylimine from its PF4- salt employing anhydrous diethylamine.124 Repeated 
attempts to form the methylimine 40 under the conditions reported by Al-Najjar in 
the presence of molecular sieves (4 Å) or other drying agents was unsuccessful, 
as complete conversion of the starting material was never observed.     We found 
that the aldehyde 39 was converted to the imine 40 in 83.2% yield by stirring in a 
solution of 40% aqueous methylamine.  The physical state of the crude 
methylimine 40 varied from a crystalline solid to a thick oil.  Attempts to purify oily 
products via silica chromatography led to hydrolysis back to starting material.  
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Regardless, the product’s physical state did not appear to affect its further 
reactivity, and there was no indication by 1H NMR that any significant impurities 
were present.    
 Reduction of the crude methylimine 40 to the corresponding amine 41 
could easily be accomplished in high yield (80.5%) by using NaBH4 in ethyl alcohol 
at room temperature.  The overall conversion of the aldehyde 39 to the 
methylamine 41 in 49.8% yield was superior to the one-step method of Myer and 
Allen.  As with the methylimine 40, silica chromatography was unsuccessful and 1H 
NMR indicated sufficient purity that further purification steps were not necessary. 
 In attempting to form the desired free diferrocenylamine, di(N-
(ferrocenylmethyl))-N-methylamine (43), from reaction of the aldehyde 39 with the 
methylamine 41 and NaBH3CN, the unexpected BH3CN salt, di(N-
(ferrocenylmethyl))-N-methylammonium cyanoborohydride (42), was isolated via 
chromatography using a thin pad of silica in trace amounts.  Reaction of crude 
methylamine 41 with one equivalent of the aldehyde 39 and 1.5 equivalents of 
NaBH3CN led to the formation of the salt 42 in moderate yield (39.4%).  The salt 
42 could be obtained if its isolation did not involve a water wash.  The ionic nature 
of the 42 was indicated by its low solubility in ethyl ether as well as the presence of 
BH and CN stretches (2335 and 2175 cm-1 respectively) in its IR spectrum.  Further 
characterization including MS, EA, and X-ray crystallographic analysis confirmed 
the identity of the salt 42.  Isolation of the free amine 43 was accomplished in low 
yield (13.8%) by employing identical reaction conditions as the salt 42 with the 
addition of a water wash in its workup.  Conversion of the salt 42 to the  
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Scheme 4.3. A)  Myer and Allen synthesis of N-(ferrocenylmethyl)-N-methylamine 
(41).117  B)  Al-Najjar synthesis of [(methylimino)methyl]ferrocene  (40).127 
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corresponding free amine 43 was accomplished via column chromatography using 
silica (10 cm) and dichloromethane as eluent.  Yield of the free amine 43 from 
chromatographic conversion of the salt 42 were comparable to its isolation from 
the condensation reaction of the aldehyde 39 with the methylamine 41.  Isolation of 
the free amine 43 was confirmed by increased solubility of the product (highly 
soluble in hexanes), loss of observed BH and CN stretches by IR, as well as MS, 
EA, and X-Ray crystallographic analysis.   
Scheme 4.4. depicts the mechanism of the synthesis of the free amine 43 
adapted from the preparation of 2,5-dimethylpyrrolidines and 2,4-piperidines by 
Boga128 and also proposed by Biot for aza-[3]-ferrocenophane synthesis.120  The 
first step involves nucleophilic attack on the monoaldehyde 39 by the methylamine 
41 to give an amino alcohol (41a).  Equilibrium loss of a hydroxide group gives the 
iminium ion (41b), and subsequent reduction gives the desired free amine 43.  
Protonation of the amine and association with BH3CN- as the counteranion gives 
the salt 42.   
Although we anticipated higher yield of the di(ferrocenylmethyl)amine 43 
compared to Biot’s results due to the use of a simpler amine, low yield can be 
partially explained by transition-state theory.129  As opposed to Biot’s 1,2-
ferrocenecarboxaldehyde substrate, our reductive amination involved the 
incorporation of two separate metal centers.  In Biot’s system, the aldehyde and 
methylamine substituents are fixed in local proximities to each other with their 
degrees of freedom (translation and rotation) limited.  Our monosubstituted,  
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Scheme 4.4.  Mechanism of di(N-(ferrocenylmethyl))-N-methylamine (43) 
formation.   
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bimolecular system is not subject to these same parameters. Therefore, the 
change in entropy for the bimolecular system in the transition state would be more 
pronounced than with the monomolecular system.  This more negative ∆S‡ 
translates into a higher ∆G‡ for the reaction, thus decreasing the rate of formation 
of product.   
However, reduced rates of formation would not explain the low yield of the 
desired salt 42 or the free amine 43 unless a competing pathway can explain the 
disappearance of starting material.  A substantial amount of 
ferrocenylmethylalcohol, the reduction product of the aldehyde 39, was observed 
by 1H NMR in the crude dimer reaction mixture.  Even though a mild reductant was 
chosen, the reduction of the aldhyde 39 must compete with reductive amination.    
Delaying the addition of reducing agent to the reaction mixture to allow for 
formation of the amino alcohol intermediate 41a failed to produce higher yield of 
the salt 42.  The highest yield for the salt 42 were obtained when an excess of the 
aldehyde 39 was employed (1.5 equivalents).  It is likely that, as Boga suggested, 
the amino alcohol 41a and iminium ion 41b exist in equilibrium (Scheme 4.3). The 
presence of a reducing agent converts the iminium ion 41b to the desired free 
amine 43.  The low yield of the free amine 43 compared to the salt 42 could not be 
readily explained, other than the workup condition for its isolation not 
beingoptimized.   
When attempting to form the free amine 43 using a one-step approach, 
formation of the cyanoborane diferrocene, (N-(ferrocenylmethyl))-N-methylamine–
cyanoborane (44) was first confirmed.  While of structural interest, amine borane 
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adducts have pharmaceutical applications, displaying anti-cancer, anti-
inflammatory, and anti-osteoportic properties.130-133  Reaction of the aldehyde 39 
with aqueous methylamine and NaBH3CN in ethanol at room temperature afforded 
a mixture of the salt 42 and the cyanoborane 44.  Purfication by silica 
chromatography and sublimation were unsuccessful at separating the two 
diferrocenes.  Although X-ray crystallographic analysis of the crude mixture from 
the one-step approach did confirm the presence of both the salt 42 and 
cyanoborane 44, the data set collected was of insufficient quality to refine.  It is not 
likely that the cyanoborane 44 represented an initial product from the reaction 
system.  The salt 42 is more likely the product of the one-step approach.  We 
speculate that partial conversion of the salt 42 to the cyanoborane 44 occurred 
during sublimation or recrystallization of the product mixture.  Attempts to form the 
cyanoborane 44 by sublimation of the salt 42 (80 °C, 1 atm) failed, as a mixture of 
diferrocene products was observed including the salt 42 and the free amine 43.   
Spielvogel and coworkers reported the formation of several amine–BH2CN 
compounds by refluxing the corresponding amine hydrochloride salts with 
NaBH3CN in THF.134  We decided to subject the salt 42 to these same conditions, 
hoping to see the conversion to the boron-bound diferrocene.  Isolation of the 
desired cyanoborane 44 in moderate yield (45.8%) was accomplished after 18 h 
under reflux.  Loss of H2 to give the cyanoborane was confirmed by observance of 
the expected molecular weight (M+ = 466) by mass spectrometry as well as X-ray 
crystallographic analysis to unambiguously confirm the presence of nitrogen–boron 
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bond.  The structure of cyanoborane 44 was further confirmed by 1H and 13C NMR 
and elemental analysis.          
    Spectroscopy.  All new compounds were fully characterized by 
comparison of their spectroscopic properties including 1H and 13C NMR and IR 
spectroscopy.  Table 4.4 contains some selected 1H and 13C NMR data for 
compounds 40–44.   
The structure of the methylimine 40 was confirmed by the presence of 
methyl hydrogens at 3.32 ppm (d, 3H, 4J = 1.2 Hz), an imine resonance at 8.10 
ppm (s, 1H), and the characteristic AA’BB’ pattern of a monosubstituted 
cyclopentadienyl ring (two sets of triplets at 4.59 and 4.33 ppm) in its 1H NMR 
spectrum.126  Coupling between the imine and methyl hydrogens was evident by 
the splitting of methyl resonance to a doublet, while quadrupole broadening due to 
14N presumably led to the broad singlet observed for the imine hydrogen.  Proton 
shifts and splittings were referenced to Cully and Watts and found to correspond 
well to the desired product.126   
Conversion to the reduction adduct, the methylamine 41, was also 
confirmed by 1H NMR.117  The expected AA’BB’ pattern was still evident.  However 
the cyclopentadienyl hydrogens on the substituted ring were shifted to high field, 
with two sets of multiplets at 4.08 and 4.10 ppm.  Reduction of the imine bond was 
indicated by loss of the imine resonance and the presence of a methylene 
resonance at 3.46 (s, 2H).  Also present was a broad singlet corresponding to the 
amine proton (0.85 ppm).  There was no indication of coupling between the methyl 
protons (2.43 ppm, s, 3H) and methylene protons.  Proton shifts and splittings were  
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Table 4.4.  Selected 1H and 13 C Spectroscopic Data (in CDCl3) for Compounds 
40–44 in ppm. 
 
* In CD2Cl2.    
 
 
 
 
 
 
 
 
 
 
 CH3 CH2 other CH3 CH2 other 
40 3.32 – 4.33, 4.59 
(C5H4) 
8.10 (CH) 
– – – 
41 2.43 3.46 4.08, 4.16 
( C5H4) 
0.85 (NH) 
– – – 
42 2.30 3.82 4.31–4.29 
(C5H4) 
1.55 (NH) 
37.7* 55.6* 70.8, 71.8, 
74.0 (C5H4) 
69.5 (CN)* 
43 2.05 3.33 4.09, 4.15 
(C5H4) 
41.2 56.4 68.1, 70.4, 
83.5 (C5H4) 
44 2.26 3.78 4.29–4.42 
(C5H4) 
45.5 60.8 70.8, 73.4, 
76.1 (C5H4) 
66.9 (CN) 
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referenced to Myer and Allen and found to correspond well to the desired 
product.117   
Reductive amination of the aldehyde 39 employing the methylamine 41 and 
NaBH3CN without an aqueous workup to give the salt 42 was confirmed by 1H and 
13C NMR as well as IR.  The proton resonances of the substituted Cp ring coalesce 
to a multiplet centered at 4.30 ppm (8H).  The hydrogens on the unsubstituted ring 
resonate at 4.16 (s, 10H).  Both the methylene and methyl hydrogens were 
distinguishable, with slight shift downfield of the methylene at 3.82 ppm (singlet) 
and the methyl at 2.43 ppm (singlet), as compared to the methylamine 41.  The 
integration of these resonances (3:4 ratio) indicate the product’s nature, with a 
single methyl group versus two isochronous methylene groups present.  A broad 
singlet integrating to one hydrogen centered at 1.55 ppm corresponds to the N-
bound proton.  The BH resonances presumably were broadened to the baseline.  
13C NMR supports these assignments, with methyl (37.7 ppm), methylene (55.6 
ppm), substituted Cp (70.8, 71.8, 74.0 ppm) and unsubstituted Cp (69.8 ppm) 
resonances present.  An additional resonance at 69.5 ppm can be attributed to the 
nitrile carbon on the BH3CN- counteranion.  IR confirmed the presence of this 
anion with stretches of moderate intensity at 2335 and 2175 cm-1, indicative of BH 
and CN stretches respectively.  The existence of a secondary amine in the dimer 
salt 42 was shown by a broad, single band centered at 3442 cm-1.   
The structure of the free amine 43 was also confirmed by 1H and 13C NMR 
and IR.  The 1H NMR spectrum resembles closely that of the dimer salt 42, with 
some notable differences.  The methyl and methylene proton resonances also 
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show up as singlets, with their peak integration at 3:4.  However, their chemical 
shifts are to high field as compared to the corresponding resonances in the salt 42, 
with shifts at 2.05 and 3.33 ppm respectively.  This is a general trend as both the 
protons on the unsubstituted Cp rings as well as the substituted rings shift to high 
field.  The characteristic AA’BB’ pattern returns for the protons on the substituted 
ring, with two multiplets integrating to 4 hydrogens each at 4.09 and 4.15 ppm.  
The hydrogens residing on the unsubstituted ring also shift to higher fields (4.09 
ppm).  Absent is any indication of amine protons.  The 13C NMR confirms the loss 
of the BH3CN- anion with only the methyl (41.2 ppm), the methylene (56.4 ppm), 
substituted Cp (68.1, 70.4, 83.5 ppm) and unsubstituted Cp (68.7 ppm) 
resonances present.  The IR of the free amine 43 also shows the loss of the BH or 
CN stretches, further confirming the product’s structure.    
Conversion of the free amine 43 to the cyanoborane 44 was confirmed by 
1H and 13C NMR and IR.  The 1H NMR displayed the predictable singlets attributed 
the methylene and methyl carbons at 3.78 and 2.26 integrating in a 4:3 ratio, which 
is slightly upfield compared to the salt 42.  As with the salt 42, the resonances 
attributed to the unsubstituted Cp rings coalesce to a multiplet centered at 4.35 
ppm (8 H).  The unsubstituted Cp protons resonate as a singlet at 4.17 integrating 
to 10 hydrogens.  There was no indication of any NH proton resonance. As with 
the salt 42, the BH resonances presumably were broadened to the baseline.  The 
13C NMR spectrum was similar to the salt 42, with the methyl (45.5 ppm) and 
methylene (60.8 ppm) to slightly lower field.  The substituted Cp (69.8 ppm) and 
unsubstituted Cp resonances (70.8, 73.4, and 76.1 ppm) were similar those of the 
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salt 42.  Also present was a resonance attributed to the cyano group at 66.5 ppm, 
slightly upfield of the corresponding resonance in the salt 42.  The IR confirmed the 
presence of both BH and CN stretches, with a complex series of absorbances 
between 2424 and 2330 cm-1.  We are attributing the moderate absorbance at 
2424 cm-1 to correspond to the CN stretch, whereas the shoulder from 2384 to 
2330 cm-1 is due to the BH stretches.  This is unusually high for the assignment of 
a CN stretch, however Spielvogel and coworkers reported their lowest CN 
absorbances for their amine–BH2CN compounds to range from 2185–2280 cm-1.134  
They observed absorbances as high as 2420 of strong intensity, with shoulders 
ranging from 2350–2310 cm-1.  Although the authors did not unambiguously assign 
each stretch, these observations along with the lack of any absorbances in the 
2300–2000 cm-1 range lead us to attribute this stretch at 2424 cm-1 to that of the 
CN stretch.    
Structure.  X-ray crystallography confirmed the molecular structures of 
di(N-(ferrocenylmethyl))-N-methylammonium cyanoborohydride (42), di(N-
(ferrocenylmethyl))-N-methylamine (43), and (N-(ferrocenylmethyl))-N-
methylamine–cyanoborane (44).  The two ferrocene moieties of 42 show a syn-
arrangement with respect to the C1–N1–C12 plane, with a [Fe1–Cp1 centroid–Cp2 
centroid–Fe2] torsion angle of 6.5° and -6.8° for the two independent molecules.  
The conformation is nearly planar, with the [C12–N1–C1–C2] and [C1–N1–C12–
C13] torsion angles at 176.8(5) and 176.1(5)° respectively.  The cyanide from the 
anion displays typical triple bond character, with a length of 1.167(9) Å and a N1–
C1–B1 angle of 178.4(8)°.  The nitrogen atom on the anion (N1’) is oriented toward 
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N1 of the cation, deviating 0.4638 Å from the C12–C23–C1 least-squares plane.  
Single C–C bonds C12–C13 and C1–C2 are 1.479(8) and 1.486(8) respectively, 
while single N–C bonds C1–N1, C12–N1, and C23–N1 are 1.526(7), 1.505(8), and 
1.490(8) respectively.  The Fe–C bonds lengths showed little variation, ranging 
from 2.012(7) to 2.059(7) Å.  Hydrogen bonding is evident between the the 
ammonium proton and the nitrogen on the BH3CN- anion, with the d(H...A) value 
being 1.86 Å.  The distance between the two nitrogen centers d(D...A) is 2.773(8) 
Å while the bond angle from the N1–H...N2 is 166.3°. 
As with the structure for 42, the two ferrocene units in 43 conform to a 
nearly syn-periplanar arrangement, with the [C2–N1–C1–C12] and [C1–N1–C12–
C13] torsion angles at 174.8(4) and -168.8(5)° respectively and the [Fe1–Cp1 
centroid–Cp2 centroid–Fe2] torsion angle of -2.6°.  The amine center displays the 
same trigonal geometry, with the N1 atom deviating 0.489 Å from the C12–C23–
C1 least-squares plane.  Single C–C bonds C12–C13 and C1–C2 are comparable 
at 1.490(6) and 1.500(6) Å respectively.  However, the single N–C bonds of 43 are 
significantly shorter than those of 42, with C1–N1, C12–N1, and C23–N1 having 
lengths of 1.465(5), 1.471(5), and 1.472(6) respectively.  These shorter bond 
lengths are due to ability of the neutral amine center in 43 to form stronger bonds 
with the adjacent carbon groups than the charged ammonium center in 42.  The 
Fe–C bonds lengths in 43 were similar to those of 42, ranging from 2.004(13) to 
2.093(13).  The unsubstituted cyclopentadienyl rings on 43 display distortion along 
the central axis incorporating the iron center, with C–Fe–C’ bond angles ranging 
from 66.8(5) to 77.5(5).°       
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    The structure of cyanoborane 44 differs from 42 and 43 in that its two 
ferrocene moieties not arranged in a syn conformation.  Near planarity is 
maintained for the Fe1 portion, with the [C2–C1–N1–C12] torsion angle being -
173.19(17)°.  For the Fe2 portion, there is a strong divergence from planarity, with 
the [C1–N1–C12–C13] torsion angle at -55.6(2)°.  The ferrocenes are in a gauche 
orientation, with a [Fe1–Cp1 centroid–Cp2 centroid–Fe2] torsion angle of 113.2°.  
The boron–nitrogen bond is unambiguously shown, with the B1–N1 bond length at 
1.619(3) Å.  The cyanoborane moiety is bonded at nitrogen center in a typical bent 
fashion, with the C24–B1–N1 angle at 107.88(18)°.  Both the B1–N1 bond length 
and C24–B1–N1 angle correlate well to analogous values of similar cyanoborane 
strucutures.  For 1,4-diaminobutyl-N,N’-bis(cyanoborane), the B–N bond lengths 
for the cyanoborane moiety are 1.567(10) and 1.629(9) Å while cyanoborane to 
nitrogen angles are 110.1(6) and 109.3(5)°.130  For N-methyl-N’-
methyl(diisopropylphosphonate)amine-cyanoborane, the corresponding bond 
length and bond angle is 1.597(4) Å and 109.4(3)°.131  Likewise, the corresponding 
bond length and bond angle in 5-methyl-2-(1-methyl-1,2,5,6-tetrahydropyridine-3-
yl)benzoxazole cyanodihydroborane are 1.606(5) Å and 109.6(3)°.132  The C1–N1–
B1, C23–N1–B1, and C12–N1–B1 angles are 113.45(17), 107.62(17), 107.73(16)° 
respectively, displaying nearly tetrahedral geometry at the nitrogen center.  The 
triple bond nature of C24–N2 is evident, with a length of 1.146(3) Å and the B1–
N1–C24 angle at 179.7(3)°.  The carbon–nitrogen single bonds C1–N1, C12–N1, 
and C23–N1 were similar to those of 42 and longer of those of 43, with lengths of 
1.523(3), 1.521(3), and 1.491(3) Å respectively.  This again reflects the cationic 
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nature at the ammonium center of 44.  The Fe–C bonds lengths of 44 were similar 
to those of 42 and 43 ranging from 2.027(2) to 2.059(2) Å. 
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Summary 
 Formation of [(methylimino)methyl]ferrocene  (40) from 
ferrocenecarboxaldehyde (39) was accomplished in high yield by employing a 40% 
aqueous solution of methylamine.  Conversion to the corresponding methylamine, 
N-(ferrocenylmethyl)-N-methylamine (41), was accomplished in high yield with 
NaBH4.  Reaction of the methylamine 41 with 1.5 equivalents of the monoaldehyde 
39 and NaBH3CNgave the nitrogen-bound, CNBH3-salt, di(N-(ferrocenylmethyl))-
N-methyl ammonium cyanoborohydride (42).  Formation of the corresponding free 
amine, di(N-(ferrocenylmethyl))-N-methylamine (43), was accomplished under 
identical conditions as the synthesis of 42 with the addition of an aqueous workup.  
Conversion of the salt 42 to its cyanoborane analog, (N-(ferrocenylmethyl))-N-
methylamine–cyanoborane (44), was accomplished by refluxing in THF in 
moderate yield (48.5%).   
Our investigation into intermolecular reductive amination has shown that 
facile ring closure should be possible on a 1,2-formyl system.  By avoiding an off-
metal, highly delocalized system, as in Chapter 3, formation of several 
biferrocenes was accomplished in reasonable yield and mild conditions.  Clearly, a 
competing reaction is that of reduction of the aldehyde to an alcohol before the 
amine has time to attack.  But, the loss to alcohol byproduct is an acceptable 
trade-off to the favorable reactivity of an unsubstituted imine.  Not only did this 
investigation lead to some surprising and fascinating biferrocene structures, but it 
shows that reductive amination is quite feasible for an on-metal, formyl substrate.          
Copyright  Nathan Charles Tice 2006 
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Chapter 5 
Continuing Research 
 
Chapters 2–4 focused upon approaches to forming fused-ring, 
organometallic thiophenes and pyrroles.  Clearly, the thiapentalene successes in 
Chapter 2 indicate the potential for their incorporation into conducting materials.  
We have shown that organometallic thiapentalenes and their derivatives can be 
made reliably and conveniently.  In addition, certain cases show excellent ordering 
(efficient π overlap) in the solid state.  In Chapter 3, we have shown that, while 
amination is quite facile on 1,2-diacylcyclopentdienes (fulvenes), ring-closure is 
hindered.  However, in Chapter 4, we demonstrated that a more reactive formyl 
system is susceptible to reductive amination.   
Given the results of the intermolecular reductive amination in Chapter 4, the 
intramolecular reductive amination should result in higher yield, with fewer 
complications from competitive side reactions.  Combining a simpler R group on 
the amine employed (methyl) with the increased rates that an intramolecular 
formation offers should give the most favorable results.  For future research, we 
envision the same step-wise approach of ring formation, employing a 
monoprotected 1,2-ferrocenedialdehyde (Scheme 5.1).  Conversion of the 
protected 1,2-methylamine ferrocenylaldehyde to the corresponding 5,5-fused-ring 
saturated pyrrole complex could be accomplished employing 4-toluenesulfonic 
acid48 to deprotect, followed by ring closure with NaBH3CN.  As previously stated, 
conversion to the pyrrole could involve oxidation with peroxide and dehydration  
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Scheme 5.1.   Envisioned synthesis of ferrocenyl pyrrole.     
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with alumina.  This route should give the desired ferrocenyl pyrrole fragment in 
good yield and allow for creation of an organometallic conducting polymer via 
electrochemical polymerization.    
Continuing research will also further investigate the incorporation of 
thiapentalenes into organometallic complexes.  Specifically, employing redox- 
active transition metals centers (e.g., cobalt, iron) should yield thiapentalenyl 
complexes with novel electronic properties, as well as high stablility and solubility.  
Continued investigation into the palladium cross-coupling systems discussed in   
Chapter 2 could potienally lead to organometallic polymers.  Other routes to 
polymerization may be explored including electrochemical and Grignard-mediated 
synthesis.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright  Nathan Charles Tice 2006 
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Appendix 
 
Table A.1.1.  Positional Parameters and Equivalent U Values for the Refined 
Atoms of [Mn(CO)3{η5-1,2-C5H3(COPh)2}] (1c).   
 
 
   
Atom x y z U(eq) 
Mn1 4921(1) -3739(1) 6921(1) 14(1)  
O1 5912(2) -5952(1) 8109(1) 30(1)  
O2 8381(1) -4140(1) 7429(1) 23(1)  
O3 5950(2) -5445(1) 5880(1) 44(1)  
O4 5615(2) -2461(1) 5288(1) 36(1)  
O5 2188(2) -3961(1) 6116(1) 38(1)  
C1 5736(2) -4245(1) 8293(1) 15(1)  
C2 6451(2) -3400(1) 7995(1) 14(1)  
C3 5531(2) -2613(1) 7933(1) 16(1)  
C4 4275(2) -2964(1) 8187(1) 18(1)  
C5 4400(2) -3972(1) 8414(1) 18(1)  
C6 6290(2) -5230(1) 8548(1) 17(1)  
C7 7884(2) -3410(1) 7769(1) 16(1)  
C8 5538(2) -4790(2) 6287(1) 27(1)  
C9 5333(2) -2966(1) 5917(1) 21(1)  
C10 3258(2) -3897(1) 6419(1) 23(1)  
C11 7260(2) -5294(1) 9399(1) 15(1)  
C12 7576(2) -4492(1) 9987(1) 17(1)  
C13 8452(2) -4595(1) 10793(1) 20(1)  
C14 9021(2) -5491(1) 11010(1) 23(1)  
C15 8700(2) -6291(1) 10427(1) 23(1)  
C16 7822(2) -6198(1) 9629(1) 19(1)  
C17 8701(2) -2537(1) 8013(1) 18(1)  
C18 8371(2) -1916(1) 8776(1) 24(1)  
C19 9218(2) -1160(2) 9060(2) 32(1)  
C20 10372(2) -1005(2) 8563(2) 36(1)  
C21 10698(2) -1608(2) 7798(2) 31(1)  
C22 9878(2) -2385(1) 7525(1) 23(1)  
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Table A.1.2.  Anisotropic Displacement Parameters (U Values) Refined for the 
Non-Hydrogen Atoms of [Mn(CO)3{η5-1,2-C5H3(COPh)2}] (1c). 
 
 
Atom U11 U22 U33 U23 U13 U12  
Mn1 13(1) 16(1) 12(1) 1(1) -1(1) 1(1)  
O1 43(1) 16(1) 29(1) 0(1) -16(1) -5(1)  
O2 18(1) 23(1) 28(1) -5(1) -1(1) 5(1)  
O3 68(1) 39(1) 26(1) -11(1) -9(1) 27(1)  
O4 46(1) 43(1) 20(1) 10(1) 2(1) -15(1)  
O5 22(1) 54(1) 38(1) 1(1) -10(1) -7(1)  
C1 16(1) 17(1) 11(1) 1(1) -4(1) -1(1)  
C2 15(1) 14(1) 11(1) -1(1) -2(1) 1(1)  
C3 19(1) 15(1) 13(1) 0(1) -2(1) 3(1)  
C4 16(1) 25(1) 14(1) -1(1) 0(1) 5(1)  
C5 16(1) 24(1) 13(1) 1(1) 1(1) -1(1)  
C6 20(1) 16(1) 16(1) 2(1) -2(1) -3(1)  
C7 15(1) 18(1) 13(1) 3(1) -2(1) 2(1)  
C8 32(1) 31(1) 18(1) 0(1) -7(1) 8(1)  
C9 19(1) 28(1) 16(1) -1(1) -2(1) -4(1)  
C10 23(1) 26(1) 19(1) 1(1) 0(1) -3(1)  
C11 15(1) 17(1) 14(1) 3(1) 0(1) 0(1)  
C12 18(1) 17(1) 16(1) 3(1) 1(1) -1(1)  
C13 19(1) 25(1) 17(1) 1(1) -1(1) -6(1)  
C14 13(1) 36(1) 20(1) 8(1) -2(1) 0(1)  
C15 18(1) 26(1) 24(1) 10(1) 2(1) 8(1)  
C16 22(1) 17(1) 17(1) 2(1) 2(1) 1(1)  
C17 16(1) 19(1) 20(1) 7(1) -3(1) -1(1)  
C18 23(1) 19(1) 30(1) 1(1) -1(1) -3(1)  
C19 36(1) 23(1) 38(1) -4(1) -5(1) -9(1)  
C20 35(1) 27(1) 44(1) 11(1) -11(1) -16(1)  
C21 20(1) 40(1) 32(1) 20(1) -4(1) -11(1)  
C22 18(1) 33(1) 20(1) 11(1) -1(1) -2(1)  
 
 
The form of the anisotropic displacement expression is: 
-2π2[h2a*2U11 + ... + 2hka*b*U12] 
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Table A.1.3.  Positional Parameters and U Values for the Hydrogen Atoms of 
[Mn(CO)3{η5-1,2-C5H3(COPh)2}] (1c). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Atom x y z U(eq)  
H(3) 5726 -1978 7756 19  
H(4) 3499 -2601 8204 22  
H(5) 3721 -4378 8607 21  
H(12) 7201 -3890 9841 20  
H(13) 8658 -4061 11188 24  
H(14) 9615 -5556 11545 27  
H(15)  9078 -6892 10573 27  
H(16) 7605 -6737 9244 22  
H(18) 7582 -2008 9097 28  
H(19) 9007 -760 9582 39  
H(20) 10929 -493 8745 43  
H(21) 11470 -1494 7462 37  
H(22) 10114 -2800 7021 28  
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Table A.1.4.  Torsion Angles [°] for [Mn(CO)3{η5-1,2-C5H3(COPh)2}] (1c). 
 
C19–C20–C21–C22 -0.8(3)  
C20–C21–C22–C17 1.8(3)  
C21–C22–C17–C18 -0.9(3)  
C21–C22–C17–C7 -175.42(16)  
C22–C17–C18–C19 -1.0(3)  
C7–C17–C18–C19 173.43(17)  
C21–C20–C19–C18 -1.1(3)  
C17–C18–C19–C20 2.0(3)  
C22–C17–C7–O2 25.0(2)  
C18–C17–C7–O2 -149.50(17)  
C22–C17–C7–C2 -158.12(15)  
C18–C17–C7–C2 27.4(2)  
O2–C7–C2–C3 -146.66(17)  
C17–C7–C2–C3 36.4(2)  
O2–C7–C2–C1 31.0(2)  
C17–C7–C2–C1 -145.99(16)  
O2–C7–C2–Mn1 -55.5(2)  
C17–C7–C2–Mn1 127.52(14)  
C9–Mn1–C2–C3 73.71(11)  
C10–Mn1–C2–C3 -51.5(2)  
C8–Mn1–C2–C3 167.99(11)  
C1–Mn1–C2–C3 -117.60(14)  
C5–Mn1–C2–C3 -80.03(11)  
C4–Mn1–C2–C3 -36.98(10)  
C9–Mn1–C2–C1 -168.70(10)  
C10–Mn1–C2–C1 66.1(2)  
C8–Mn1–C2–C1 -74.41(11)  
C5–Mn1–C2–C1 37.57(10)  
C4–Mn1–C2–C1 80.62(10)  
C3–Mn1–C2–C1 117.60(14)  
C9–Mn1–C2–C7 -50.99(15)  
C10–Mn1–C2–C7 -176.24(18)  
C8–Mn1–C2–C7 43.29(15)  
C1–Mn1–C2–C7 117.71(17)  
C5–Mn1–C2–C7 155.27(16)  
C4–Mn1–C2–C7 -161.68(16)  
C3–Mn1–C2–C7 -124.70(18)  
C1–C2–C3–C4 -0.04(18)  
C7–C2–C3–C4 177.87(16)  
Mn1–C2–C3–C4 60.84(12)  
C1–C2–C3–Mn1 -60.88(11)  
C7–C2–C3–Mn1 117.04(17)  
C9–Mn1–C3–C4 131.23(11)  
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C10–Mn1–C3–C4 40.21(13)  
C8–Mn1–C3–C4 -137.67(14)  
C1–Mn1–C3–C4 -80.38(10)  
C2–Mn1–C3–C4 -118.54(14)  
C5–Mn1–C3–C4 -37.55(10)  
C9–Mn1–C3–C2 -110.23(11)  
C10–Mn1–C3–C2 158.74(11)  
C8–Mn1–C3–C2 -19.13(17)  
C1–Mn1–C3–C2 38.15(9)  
C5–Mn1–C3–C2 80.98(10)  
C4–Mn1–C3–C2 118.54(14)  
C2–C3–C4–C5 0.24(19)  
Mn1–C3–C4–C5 60.68(12)  
C2–C3–C4–Mn1 -60.44(11)  
C9–Mn1–C4–C3 -55.22(12)  
C10–Mn1–C4–C3 -147.95(11)  
C8–Mn1–C4–C3 107.7(2)  
C1–Mn1–C4–C3 81.11(10)  
C2–Mn1–C4–C3 37.54(9)  
C5–Mn1–C4–C3 118.45(14)  
C9–Mn1–C4–C5 -173.67(11)  
C10–Mn1–C4–C5 93.60(11)  
C8–Mn1–C4–C5 -10.7(2)  
C1–Mn1–C4–C5 -37.35(10)  
C2–Mn1–C4–C5 -80.91(10)  
C3–Mn1–C4–C5 -118.45(14)  
C3–C4–C5–C1 -0.35(19)  
Mn1–C4–C5–C1 60.71(11)  
C3–C4–C5–Mn1 -61.06(12)  
C9–Mn1–C5–C1 -105.86(17)  
C10–Mn1–C5–C1 152.31(11)  
C8–Mn1–C5–C1 56.52(13)  
C2–Mn1–C5–C1 -38.17(9)  
C4–Mn1–C5–C1 -118.33(14)  
C3–Mn1–C5–C1 -81.29(10)  
C9–Mn1–C5–C4 12.5(2)  
C10–Mn1–C5–C4 -89.36(11)  
C8–Mn1–C5–C4 174.85(11)  
C1–Mn1–C5–C4 118.33(14)  
C2–Mn1–C5–C4 80.16(11)  
C3–Mn1–C5–C4 37.04(10)  
C4–C5–C1–C2 0.32(18)  
Mn1–C5–C1–C2 61.36(11)  
C4–C5–C1–C6 174.42(15)  
Mn1–C5–C1–C6 -124.55(16)  
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C4–C5–C1–Mn1 -61.04(12)  
C3–C2–C1–C5 -0.17(18)  
C7–C2–C1–C5 -178.23(15)  
Mn1–C2–C1–C5 -61.61(11)  
C3–C2–C1–C6 -174.00(15)  
C7–C2–C1–C6 7.9(3)  
Mn1–C2–C1–C6 124.57(17)  
C3–C2–C1–Mn1 61.44(11)  
C7–C2–C1–Mn1 -116.62(15)  
C9–Mn1–C1–C5 135.17(13)  
C10–Mn1–C1–C5 -36.09(14)  
C8–Mn1–C1–C5 -131.25(12)  
C2–Mn1–C1–C5 117.69(14)  
C4–Mn1–C1–C5 37.52(10)  
C3–Mn1–C1–C5 79.91(11)  
C9–Mn1–C1–C2 17.48(16)  
C10–Mn1–C1–C2 -153.78(11)  
C8–Mn1–C1–C2 111.06(11)  
C5–Mn1–C1–C2 -117.69(14)  
C4–Mn1–C1–C2 -80.17(10)  
C3–Mn1–C1–C2 -37.78(9)  
C9–Mn1–C1–C6 -105.82(17)  
C10–Mn1–C1–C6 82.92(17)  
C8–Mn1–C1–C6 -12.24(16)  
C2–Mn1–C1–C6 -123.29(19)  
C5–Mn1–C1–C6 119.01(19)  
C4–Mn1–C1–C6 156.53(17)  
C3–Mn1–C1–C6 -161.07(17)  
C5–C1–C6–O1 65.0(2)  
C2–C1–C6–O1 -122.1(2)  
Mn1–C1–C6–O1 -27.3(3)  
C5–C1–C6–C11 -111.46(18)  
C2–C1–C6–C11 61.4(2)  
Mn1–C1–C6–C11 156.21(12)  
O1–C6–C11–C12 -171.72(18)  
C1–C6–C11–C12 4.7(2)  
O1–C6–C11–C16 5.7(3)  
C1–C6–C11–C16 -177.85(15)  
C12–C11–C16–C15 -0.9(3)  
C6–C11–C16–C15 -178.38(16)  
C11–C16–C15–C14 0.6(3)  
C16–C15–C14–C13 0.3(3)  
C15–C14–C13–C12 -0.8(3)  
C16–C11–C12–C13 0.4(3)  
C6–C11–C12–C13 177.78(15)  
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C14–C13–C12–C11 0.4(3)  
C9–Mn1–C8–O3 43(7)  
C10–Mn1–C8–O3 134(7)  
C1–Mn1–C8–O3 -98(7)  
C2–Mn1–C8–O3 -60(7)  
C5–Mn1–C8–O3 -129(7)  
C4–Mn1–C8–O3 -122(7)  
C3–Mn1–C8–O3 -48(7)  
C9–Mn1–C10–O5 -81(4)  
C8–Mn1–C10–O5 -172(4)  
C1–Mn1–C10–O5 93(4)  
C2–Mn1–C10–O5 46(4)  
C5–Mn1–C10–O5 72(4)  
C4–Mn1–C10–O5 33(4)  
C3–Mn1–C10–O5 9(4)  
C10–Mn1–C9–O4 148(7)  
C8–Mn1–C9–O4 -119(7)  
C1–Mn1–C9–O4 -25(7)  
C2–Mn1–C9–O4 -14(7)  
C5–Mn1–C9–O4 45(7)  
C4–Mn1–C9–O4 54(7)  
C3–Mn1–C9–O4 23(7)  
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Table A.2.1.  Positional Parameters and Equivalent U Values for the Refined 
Atoms of [Mn(CO)3{η5-1,2-C5H3(COMe)2}] (2c).   
 
 
Atom x y z U(eq)  
Mn1A 1017(1) 1470(1) 2724(1) 15(1)  
O1A -1363(1) -90(1) 1919(1) 20(1)  
O2A 54(1) -649(1) 3982(1) 18(1)  
O3A 1480(1) -598(1) 2116(1) 25(1)  
O4A 3053(1) 1666(1) 3828(1) 30(1)  
O5A 1772(1) 2208(1) 937(1) 28(1)  
C1A -658(2) 1415(1) 2535(1) 16(1)  
C2A -326(2) 1020(1) 3447(1) 14(1)  
C3A 200(2) 1803(2) 3960(2) 17(1)  
C4A 208(2) 2679(2) 3381(2) 20(1)  
C5A -316(2) 2443(2) 2509(2) 19(1)  
C6A -1186(2) 799(2) 1782(1) 18(1)  
C7A -598(2) 7(2) 3838(1) 14(1)  
C8A 1302(2) 201(2) 2374(2) 19(1)  
C9A 2271(2) 1593(2) 3382(2) 21(1)  
C10A 1509(2) 1929(2) 1646(2) 20(1)  
C25A -1490(2) 1310(2) 865(2) 28(1)  
C26A -1718(2) -84(2) 4113(2) 19(1)  
Mn1B 5352(1) 4102(1) 1953(1) 13(1)  
O1B 6804(1) 1552(1) 2549(1) 24(1)  
O2B 5107(1) 3282(1) 4656(1) 27(1)  
O3B 6350(1) 5539(1) 3307(1) 22(1)  
O4B 4508(1) 5742(1) 726(1) 25(1)  
O5B 7295(1) 3858(1) 951(1) 24(1)  
C1B 5407(2) 2676(1) 2638(1) 15(1)  
C2B 4633(2) 3324(2) 3037(1) 15(1)  
C3B 3845(2) 3550(2) 2310(1) 17(1)  
C4B 4119(2) 3060(2) 1479(1) 19(1)  
C5B 5061(2) 2525(2) 1679(1) 17(1)  
C6B 6443(2) 2244(2) 2995(1) 16(1)  
C7B 4561(2) 3668(2) 4026(1) 18(1)  
C8B 5964(2) 4988(2) 2771(1) 16(1)  
C9B 4842(2) 5108(2) 1204(1) 18(1)  
C10B 6537(2) 3985(2) 1331(1) 17(1)  
C25B 7054(2) 2656(2) 3845(1) 19(1)  
C26B 3779(2) 4480(2) 4203(2) 26(1)  
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Table A.2.2.  Anisotropic Displacement Parameters (U Values) Refined for the 
Non-Hydrogen Atoms of [Mn(CO)3{η5-1,2-C5H3(COMe)2}] (2c). 
 
Atom U11 U22 U33 U23 U13 U12  
Mn1A 14(1) 10(1) 21(1) 1(1) 2(1) 0(1)  
O1A 20(1) 17(1) 24(1) -1(1) -2(1) 1(1)  
O2A 20(1) 14(1) 20(1) 2(1) 2(1) 3(1)  
O3A 22(1) 14(1) 39(1) -4(1) 9(1) 0(1)  
O4A 21(1) 32(1) 37(1) 1(1) -3(1) -4(1)  
O5A 25(1) 30(1) 29(1) 9(1) 6(1) 0(1)  
C1A 14(1) 13(1) 20(1) 0(1) 4(1) 1(1)  
C2A 12(1) 11(1) 21(1) 1(1) 4(1) 1(1)  
C3A 16(1) 15(1) 20(1) -2(1) 2(1) 0(1)  
C4A 19(1) 11(1) 29(1) -2(1) 5(1) 1(1)  
C5A 18(1) 13(1) 26(1) 4(1) 5(1) 5(1)  
C6A 12(1) 22(1) 19(1) 1(1) 3(1) 5(1)  
C7A 17(1) 14(1) 12(1) -2(1) 1(1) -2(1)  
C8A 14(1) 19(1) 25(1) 2(1) 2(1) -3(1)  
C9A 20(1) 16(1) 26(1) 1(1) 4(1) 0(1)  
C10A 15(1) 15(1) 29(1) 1(1) 2(1) 1(1)  
C25A 31(1) 31(1) 21(1) 5(1) -3(1) 2(1)  
C26A 18(1) 16(1) 24(1) 3(1) 4(1) 0(1)  
Mn1B 14(1) 13(1) 11(1) 1(1) 1(1) 0(1)  
O1B 27(1) 22(1) 23(1) 1(1) 3(1) 8(1)  
O2B 31(1) 36(1) 14(1) 4(1) 0(1) 9(1)  
O3B 26(1) 19(1) 22(1) -5(1) 3(1) -4(1)  
O4B 35(1) 24(1) 18(1) 4(1) 1(1) 13(1)  
C1B 20(1) 10(1) 15(1) 0(1) 2(1) -4(1)  
C2B 14(1) 18(1) 13(1) 2(1) 2(1) -3(1)  
C3B 13(1) 21(1) 18(1) 1(1) 1(1) -3(1)  
C4B 17(1) 24(1) 16(1) 1(1) -3(1) -5(1)  
C5B 21(1) 14(1) 18(1) -1(1) 3(1) -3(1)  
C6B 19(1) 14(1) 16(1) 4(1) 3(1) -1(1)  
C7B 17(1) 21(1) 15(1) 2(1) 4(1) -2(1)  
C8B 18(1) 15(1) 16(1) 4(1) 6(1) 3(1)  
C9B 20(1) 20(1) 14(1) -4(1) 4(1) 1(1)  
C26B 24(1) 36(1) 17(1) -3(1) 3(1) 6(1)  
C25B 17(1) 20(1) 21(1) 3(1) -3(1) -1(1)  
 
 
The form of the anisotropic displacement expression is: 
-2π2[h2a*2U11 + ... + 2hka*b*U12] 
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Table A.2.3.  Positional Parameters and U Values for the Hydrogen Atoms of 
[Mn(CO)3{η5-1,2-C5H3(COMe)2}] (2c). 
 
 
 
Atom x y z U(eq)  
H3A 497 1754 4585 20  
H4A 514 3312 3553 24  
H5A -423 2890 1992 22  
H25A -1705 801 393 42  
H25B -886 1690 656 42  
H25C -2080 1773 947 42  
H26A -1910 -799 4148 29  
H26B -2191 253 3644 29  
H26C -1783 232 4726 29  
H3B 3240 3960 2374 21  
H4B 3733 3089 888 23  
H5B 5413 2126 1244 21  
H25D 6827 2318 4408 29  
H25E 6924 3382 3893 29  
H25F 7809 2537 3789 29  
H26D 3062 4221 4072 39  
H26E 3896 5057 3794 39  
H26F 3867 4694 4860 39  
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Table A.2.4.  Torsion Angles [°] for [Mn(CO)3{η5-1,2-C5H3(COMe)2}] (2c). 
 
 
C8A–Mn1A–C1A–C5A -158.28(13)  
C9A–Mn1A–C1A–C5A 85.6(2)  
C10A–Mn1A–C1A–C5A -66.06(14)  
C2A–Mn1A–C1A–C5A 117.34(17)  
C4A–Mn1A–C1A–C5A 37.01(12)  
C3A–Mn1A–C1A–C5A 79.88(13)  
C8A–Mn1A–C1A–C2A 84.38(12)  
C9A–Mn1A–C1A–C2A -31.7(2)  
C10A–Mn1A–C1A–C2A 176.61(12)  
C5A–Mn1A–C1A–C2A -117.34(17)  
C4A–Mn1A–C1A–C2A -80.33(12)  
C3A–Mn1A–C1A–C2A -37.45(11)  
C8A–Mn1A–C1A–C6A -33.50(17)  
C9A–Mn1A–C1A–C6A -149.6(2)  
C10A–Mn1A–C1A–C6A 58.73(18)  
C2A–Mn1A–C1A–C6A -117.9(2)  
C5A–Mn1A–C1A–C6A 124.8(2)  
C4A–Mn1A–C1A–C6A 161.80(18)  
C3A–Mn1A–C1A–C6A -155.33(18)  
C5A–C1A–C2A–C3A 0.4(2)  
C6A–C1A–C2A–C3A 176.64(17)  
Mn1A–C1A–C2A–C3A 61.78(13)  
C5A–C1A–C2A–C7A 173.39(18)  
C6A–C1A–C2A–C7A -10.4(3)  
Mn1A–C1A–C2A–C7A -125.27(19)  
C5A–C1A–C2A–Mn1A -61.34(13)  
C6A–C1A–C2A–Mn1A 114.86(18)  
C8A–Mn1A–C2A–C3A 142.61(13)  
C9A–Mn1A–C2A–C3A 48.08(14)  
C10A–Mn1A–C2A–C3A -123.55(17)  
C1A–Mn1A–C2A–C3A -117.62(16)  
C5A–Mn1A–C2A–C3A -79.53(12)  
C4A–Mn1A–C2A–C3A -37.13(12)  
C8A–Mn1A–C2A–C1A -99.78(12)  
C9A–Mn1A–C2A–C1A 165.70(12)  
C10A–Mn1A–C2A–C1A -5.9(2)  
C5A–Mn1A–C2A–C1A 38.09(11)  
C4A–Mn1A–C2A–C1A 80.49(12)  
C3A–Mn1A–C2A–C1A 117.62(16)  
C8A–Mn1A–C2A–C7A 22.05(19)  
C9A–Mn1A–C2A–C7A -72.5(2)  
C10A–Mn1A–C2A–C7A 115.9(2)  
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C1A–Mn1A–C2A–C7A 121.8(2)  
C5A–Mn1A–C2A–C7A 159.9(2)  
C4A–Mn1A–C2A–C7A -157.7(2)  
C3A–Mn1A–C2A–C7A -120.6(2)  
C1A–C2A–C3A–C4A -0.4(2)  
C7A–C2A–C3A–C4A -173.52(18)  
Mn1A–C2A–C3A–C4A 60.50(14)  
C1A–C2A–C3A–Mn1A -60.92(13)  
C7A–C2A–C3A–Mn1A 125.97(19)  
C8A–Mn1A–C3A–C2A -45.92(15)  
C9A–Mn1A–C3A–C2A -139.20(13)  
C10A–Mn1A–C3A–C2A 122.14(17)  
C1A–Mn1A–C3A–C2A 38.43(11)  
C5A–Mn1A–C3A–C2A 81.93(12)  
C4A–Mn1A–C3A–C2A 118.99(17)  
C8A–Mn1A–C3A–C4A -164.91(13)  
C9A–Mn1A–C3A–C4A 101.81(13)  
C10A–Mn1A–C3A–C4A 3.1(2)  
C1A–Mn1A–C3A–C4A -80.56(13)  
C2A–Mn1A–C3A–C4A -118.99(17)  
C5A–Mn1A–C3A–C4A -37.07(12)  
C2A–C3A–C4A–C5A 0.2(2)  
Mn1A–C3A–C4A–C5A 60.37(14)  
C2A–C3A–C4A–Mn1A -60.13(14)  
C8A–Mn1A–C4A–C5A -82.4(3)  
C9A–Mn1A–C4A–C5A 160.39(13)  
C10A–Mn1A–C4A–C5A 63.22(14)  
C1A–Mn1A–C4A–C5A -37.82(12)  
C2A–Mn1A–C4A–C5A -81.63(13)  
C3A–Mn1A–C4A–C5A -118.57(17)  
C8A–Mn1A–C4A–C3A 36.2(3)  
C9A–Mn1A–C4A–C3A -81.04(13)  
C10A–Mn1A–C4A–C3A -178.22(12)  
C1A–Mn1A–C4A–C3A 80.74(13)  
C2A–Mn1A–C4A–C3A 36.94(12)  
C5A–Mn1A–C4A–C3A 118.57(17)  
C3A–C4A–C5A–C1A 0.0(2)  
Mn1A–C4A–C5A–C1A 60.68(13)  
C3A–C4A–C5A–Mn1A -60.64(14)  
C2A–C1A–C5A–C4A -0.3(2)  
C6A–C1A–C5A–C4A -176.20(19)  
Mn1A–C1A–C5A–C4A -61.51(14)  
C2A–C1A–C5A–Mn1A 61.21(13)  
C6A–C1A–C5A–Mn1A -114.7(2)  
C8A–Mn1A–C5A–C4A 149.08(13)  
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C9A–Mn1A–C5A–C4A -27.17(17)  
C10A–Mn1A–C5A–C4A -122.29(13)  
C1A–Mn1A–C5A–C4A 118.41(17)  
C2A–Mn1A–C5A–C4A 80.02(12)  
C3A–Mn1A–C5A–C4A 37.40(12)  
C8A–Mn1A–C5A–C1A 30.67(18)  
C9A–Mn1A–C5A–C1A -145.58(13)  
C10A–Mn1A–C5A–C1A 119.30(13)  
C2A–Mn1A–C5A–C1A -38.39(12)  
C4A–Mn1A–C5A–C1A -118.41(17)  
C3A–Mn1A–C5A–C1A -81.01(12)  
C5A–C1A–C6A–O1A 175.52(19)  
C2A–C1A–C6A–O1A 0.2(3)  
Mn1A–C1A–C6A–O1A 86.1(2)  
C5A–C1A–C6A–C25A -4.7(3)  
C2A–C1A–C6A–C25A 179.97(19)  
Mn1A–C1A–C6A–C25A -94.2(2)  
C3A–C2A–C7A–O2A -76.4(3)  
C1A–C2A–C7A–O2A 111.9(2)  
Mn1A–C2A–C7A–O2A 18.0(3)  
C3A–C2A–C7A–C26A 98.5(2)  
C1A–C2A–C7A–C26A -73.3(2)  
Mn1A–C2A–C7A–C26A -167.17(15)  
C9A–Mn1A–C8A–O3A -119(4)  
C10A–Mn1A–C8A–O3A -25(4)  
C1A–Mn1A–C8A–O3A 83(4)  
C2A–Mn1A–C8A–O3A 122(4)  
C5A–Mn1A–C8A–O3A 64(4)  
C4A–Mn1A–C8A–O3A 123(4)  
C3A–Mn1A–C8A–O3A 149(4)  
C8A–Mn1A–C9A–O4A -101(5)  
C10A–Mn1A–C9A–O4A 169(5)  
C1A–Mn1A–C9A–O4A 16(5)  
C2A–Mn1A–C9A–O4A -6(5)  
C5A–Mn1A–C9A–O4A 76(5)  
C4A–Mn1A–C9A–O4A 60(5)  
C3A–Mn1A–C9A–O4A 22(5)  
C8A–Mn1A–C10A–O5A 80(3)  
C9A–Mn1A–C10A–O5A 173(3)  
C1A–Mn1A–C10A–O5A -18(3)  
C2A–Mn1A–C10A–O5A -14(3)  
C5A–Mn1A–C10A–O5A -54(3)  
C4A–Mn1A–C10A–O5A -87(3)  
C3A–Mn1A–C10A–O5A -90(3)  
C8B–Mn1B–C2B–C3B 129.32(13)  
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C10B–Mn1B–C2B–C3B -135.69(14)  
C9B–Mn1B–C2B–C3B 35.81(16)  
C1B–Mn1B–C2B–C3B -117.03(16)  
C5B–Mn1B–C2B–C3B -78.87(12)  
C4B–Mn1B–C2B–C3B -36.94(12)  
C8B–Mn1B–C2B–C1B -113.66(12)  
C10B–Mn1B–C2B–C1B -18.66(17)  
C9B–Mn1B–C2B–C1B 152.83(12)  
C3B–Mn1B–C2B–C1B 117.03(16)  
C5B–Mn1B–C2B–C1B 38.15(11)  
C4B–Mn1B–C2B–C1B 80.08(12)  
C8B–Mn1B–C2B–C7B 11.79(18)  
C10B–Mn1B–C2B–C7B 106.79(19)  
C9B–Mn1B–C2B–C7B -81.7(2)  
C1B–Mn1B–C2B–C7B 125.4(2)  
C3B–Mn1B–C2B–C7B -117.5(2)  
C5B–Mn1B–C2B–C7B 163.60(19)  
C4B–Mn1B–C2B–C7B -154.47(19)  
C3B–C2B–C1B–C5B -0.1(2)  
C7B–C2B–C1B–C5B 175.47(19)  
Mn1B–C2B–C1B–C5B -62.31(13)  
C3B–C2B–C1B–C6B 174.6(2)  
C7B–C2B–C1B–C6B -9.8(4)  
Mn1B–C2B–C1B–C6B 112.4(2)  
C3B–C2B–C1B–Mn1B 62.17(13)  
C7B–C2B–C1B–Mn1B -122.2(2)  
C8B–Mn1B–C1B–C5B -170.90(12)  
C10B–Mn1B–C1B–C5B -76.21(13)  
C9B–Mn1B–C1B–C5B 44.5(3)  
C2B–Mn1B–C1B–C5B 116.54(16)  
C3B–Mn1B–C1B–C5B 78.41(12)  
C4B–Mn1B–C1B–C5B 35.97(12)  
C8B–Mn1B–C1B–C2B 72.56(13)  
C10B–Mn1B–C1B–C2B 167.25(12)  
C9B–Mn1B–C1B–C2B -72.0(3)  
C3B–Mn1B–C1B–C2B -38.13(11)  
C5B–Mn1B–C1B–C2B -116.54(16)  
C4B–Mn1B–C1B–C2B -80.57(12)  
C8B–Mn1B–C1B–C6B -57.40(17)  
C10B–Mn1B–C1B–C6B 37.29(16)  
C9B–Mn1B–C1B–C6B 158.0(2)  
C2B–Mn1B–C1B–C6B -130.0(2)  
C3B–Mn1B–C1B–C6B -168.09(17)  
C5B–Mn1B–C1B–C6B 113.5(2)  
C4B–Mn1B–C1B–C6B 149.46(17)  
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C2B–C1B–C5B–C4B 0.5(2)  
C6B–C1B–C5B–C4B -175.19(17)  
Mn1B–C1B–C5B–C4B -60.51(14)  
C2B–C1B–C5B–Mn1B 60.98(13)  
C6B–C1B–C5B–Mn1B -114.68(17)  
C8B–Mn1B–C5B–C4B 135.10(15)  
C10B–Mn1B–C5B–C4B -134.06(13)  
C9B–Mn1B–C5B–C4B -41.88(15)  
C2B–Mn1B–C5B–C4B 80.78(12)  
C1B–Mn1B–C5B–C4B 119.96(17)  
C3B–Mn1B–C5B–C4B 37.27(12)  
C8B–Mn1B–C5B–C1B 15.14(19)  
C10B–Mn1B–C5B–C1B 105.98(13)  
C9B–Mn1B–C5B–C1B -161.83(12)  
C2B–Mn1B–C5B–C1B -39.17(11)  
C3B–Mn1B–C5B–C1B -82.69(12)  
C4B–Mn1B–C5B–C1B -119.96(17)  
C1B–C5B–C4B–C3B -0.6(2)  
Mn1B–C5B–C4B–C3B -60.05(14)  
C1B–C5B–C4B–Mn1B 59.43(14)  
C8B–Mn1B–C4B–C5B -113.2(2)  
C10B–Mn1B–C4B–C5B 51.59(14)  
C9B–Mn1B–C4B–C5B 146.31(13)  
C2B–Mn1B–C4B–C5B -81.02(12)  
C1B–Mn1B–C4B–C5B -36.84(11)  
C3B–Mn1B–C4B–C5B -118.69(17)  
C8B–Mn1B–C4B–C3B 5.5(2)  
C10B–Mn1B–C4B–C3B 170.28(12)  
C9B–Mn1B–C4B–C3B -95.00(13)  
C2B–Mn1B–C4B–C3B 37.66(12)  
C1B–Mn1B–C4B–C3B 81.85(13)  
C5B–Mn1B–C4B–C3B 118.69(17)  
C5B–C4B–C3B–C2B 0.5(2)  
Mn1B–C4B–C3B–C2B -60.07(14)  
C5B–C4B–C3B–Mn1B 60.60(14)  
C1B–C2B–C3B–C4B -0.2(2)  
C7B–C2B–C3B–C4B -176.21(18)  
Mn1B–C2B–C3B–C4B 61.47(14)  
C1B–C2B–C3B–Mn1B -61.70(13)  
C7B–C2B–C3B–Mn1B 122.32(19)  
C8B–Mn1B–C3B–C4B -177.28(12)  
C10B–Mn1B–C3B–C4B -18.6(2)  
C9B–Mn1B–C3B–C4B 88.25(13)  
C2B–Mn1B–C3B–C4B -118.62(17)  
C1B–Mn1B–C3B–C4B -79.81(13)  
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C5B–Mn1B–C3B–C4B -36.78(12)  
C8B–Mn1B–C3B–C2B -58.66(14)  
C10B–Mn1B–C3B–C2B 99.97(19)  
C9B–Mn1B–C3B–C2B -153.13(13)  
C1B–Mn1B–C3B–C2B 38.81(12)  
C5B–Mn1B–C3B–C2B 81.84(13)  
C4B–Mn1B–C3B–C2B 118.62(17)  
C3B–C2B–C7B–O2B 163.4(2)  
C1B–C2B–C7B–O2B -11.6(3)  
Mn1B–C2B–C7B–O2B -106.2(2)  
C3B–C2B–C7B–C26B -15.2(3)  
C1B–C2B–C7B–C26B 169.8(2)  
Mn1B–C2B–C7B–C26B 75.2(2)  
C5B–C1B–C6B–O1B -20.6(3)  
C2B–C1B–C6B–O1B 165.2(2)  
Mn1B–C1B–C6B–O1B -105.03(19)  
C5B–C1B–C6B–C25B 156.95(18)  
C2B–C1B–C6B–C25B -17.3(3)  
Mn1B–C1B–C6B–C25B 72.5(2)  
C8B–Mn1B–C10B–O5B 114(3)  
C9B–Mn1B–C10B–O5B -154(3)  
C2B–Mn1B–C10B–O5B 19(3)  
C1B–Mn1B–C10B–O5B 7(3)  
C3B–Mn1B–C10B–O5B -47(3)  
C5B–Mn1B–C10B–O5B -30(3)  
C4B–Mn1B–C10B–O5B -59(3)  
C8B–Mn1B–C9B–O4B -141(17)  
C10B–Mn1B–C9B–O4B 127(17)  
C2B–Mn1B–C9B–O4B -47(17)  
C1B–Mn1B–C9B–O4B 5(17)  
C3B–Mn1B–C9B–O4B -26(17)  
C5B–Mn1B–C9B–O4B 37(17)  
C4B–Mn1B–C9B–O4B 13(17)  
C10B–Mn1B–C8B–O3B -121(7)  
C9B–Mn1B–C8B–O3B 146(7)  
C2B–Mn1B–C8B–O3B 16(7)  
C1B–Mn1B–C8B–O3B -22(7)  
C3B–Mn1B–C8B–O3B 49(7)  
C5B–Mn1B–C8B–O3B -32(7)  
C4B–Mn1B–C8B–O3B 45(7)  
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Table A.3.1.  Positional Parameters and Equivalent U Values for the Refined 
Atoms of [Mn(CO)3{η5-1,2-C5H3(CO4-MeOC6H4)2}] (5c). 
 
 
Atom x y z U(eq)  
Mn1 764(1) 4157(1) -1468(1) 22(1)  
O1 3468(3) 2990(1) 786(3) 26(1)  
O2 2077(3) 4305(1) 2083(2) 25(1)  
O3 3262(4) 4998(2) 166(3) 44(1)  
O4 -949(4) 5273(2) -3025(3) 38(1)  
O5 2266(3) 3923(2) -3199(3) 38(1)  
O6 1924(3) 110(1) -1261(3) 29(1)  
O7 1035(3) 1706(1) 4728(3) 31(1)  
C1 971(4) 3208(2) -589(3) 21(1)  
C2 623(4) 3685(2) 175(3) 20(1)  
C3 -762(5) 3960(2) -620(4) 23(1)  
C4 -1280(4) 3665(2) -1890(4) 23(1)  
C5 -237(4) 3197(2) -1877(4) 23(1)  
C6 2302(4) 2787(2) -51(4) 23(1)  
C7 1452(4) 3797(2) 1625(4) 22(1)  
C8 2279(5) 4672(2) -449(4) 30(1)  
C9 -239(5) 4840(2) -2415(4) 30(1)  
C10 1683(5) 4019(2) -2522(4) 26(1)  
C11 2136(4) 2091(2) -484(3) 22(1)  
C12 3393(4) 1736(2) -327(3) 24(1)  
C13 3281(4) 1075(2) -611(4) 23(1)  
C14 1915(4) 765(2) -1031(3) 23(1)  
C15 673(4) 1107(2) -1175(4) 24(1)  
C16 790(4) 1770(2) -923(4) 22(1)  
C17 1354(4) 3243(2) 2460(3) 21(1)  
C18 574(4) 2677(2) 1912(4) 23(1)  
C19 470(4) 2170(2) 2691(4) 22(1)  
C20 1175(5) 2234(2) 4055(4) 23(1)  
C21 1960(4) 2799(2) 4627(4) 26(1)  
C22 2034(4) 3298(2) 3839(4) 22(1)  
C23 588(6) -240(2) -1580(5) 37(1)  
C24 1756(5) 1716(2) 6146(4) 32(1)  
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Table A.3.2.  Anisotropic Displacement Parameters (U Values) Refined for the 
Non-Hydrogen Atoms of [Mn(CO)3{η5-1,2-C5H3(CO4-MeOC6H4)2}] (5c). 
 
 
 
Atom U11 U22 U33 U23 U13 U12  
Mn1 27(1) 23(1) 17(1) 0(1) 11(1) 0(1)  
O1 24(1) 30(1) 23(1) -2(1) 8(1) -1(1)  
O2 28(2) 26(1) 23(1) -4(1) 12(1) -3(1)  
O3 51(2) 53(2) 30(2) -13(2) 20(2) -29(2)  
O4 45(2) 39(2) 37(2) 14(2) 25(2) 10(2)  
O5 46(2) 41(2) 37(2) -7(1) 28(2) -2(1)  
O6 29(2) 21(1) 35(2) -2(1) 11(1) 3(1)  
O7 41(2) 34(2) 20(1) 8(1) 14(1) 1(1)  
C1 28(2) 21(2) 20(2) 2(2) 16(2) -3(2)  
C2 26(2) 19(2) 15(2) 0(1) 9(2) -5(2)  
C3 26(2) 26(2) 20(2) 5(2) 12(2) 5(2)  
C4 19(2) 24(2) 22(2) 2(2) 5(2) -1(2)  
C5 26(2) 18(2) 22(2) -2(2) 9(2) -3(2)  
C6 24(2) 28(2) 19(2) 4(2) 12(2) -2(2)  
C7 22(2) 27(2) 20(2) 3(2) 11(2) 2(2)  
C8 43(3) 31(2) 21(2) 3(2) 19(2) 0(2)  
C9 39(3) 34(3) 24(2) 3(2) 21(2) -2(2)  
C10 29(2) 26(2) 23(2) 1(2) 12(2) -3(2)  
C11 25(2) 26(2) 16(2) 4(2) 10(2) 3(2)  
C12 26(2) 31(2) 14(2) 1(2) 9(2) -3(2)  
C13 20(2) 26(2) 21(2) 0(2) 9(2) 6(2)  
C14 30(2) 23(2) 14(2) -1(1) 6(2) 4(2)  
C15 23(2) 26(2) 24(2) 0(2) 9(2) -2(2)  
C16 21(2) 25(2) 20(2) 4(2) 8(2) 5(2)  
C17 22(2) 29(2) 15(2) 4(2) 10(2) 7(2)  
C18 24(2) 30(2) 17(2) 0(2) 9(2) 1(2)  
C19 26(2) 25(2) 17(2) -1(2) 12(2) 1(2)  
C20 26(2) 25(2) 23(2) 0(2) 15(2) 0(2)  
C21 26(2) 35(2) 16(2) -2(2) 9(2) 8(2)  
C22 22(2) 26(2) 19(2) -4(2) 10(2) 1(2)  
C23 39(3) 22(2) 42(2) -2(2) 10(2) 2(2)  
C24 33(2) 45(3) 18(2) 10(2) 11(2) 1(2)  
 
The form of the anisotropic displacement expression is: 
-2π2[h2a*2U11 + ... + 2hka*b*U12] 
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Table A.3.3.  Positional Parameters and U Values for the Hydrogen Atoms of 
[Mn(CO)3{η5-1,2-C5H3(CO4-MeOC6H4)2}] (5c). 
 
 
 
Atom x y z U(eq)  
H3 -1263 4284 -359 28  
H4 -2179 3767 -2623 27  
H5 -317 2924 -2588 27  
H12 4325 1947 -25 28  
H13 4132 834 -519 27  
H15 -252 891 -1443 29  
H16 -73 2012 -1055 27  
H18 101 2635 983 28  
H19 -72 1787 2301 26  
H21 2441 2839 5556 31  
H22 2553 3686 4230 26  
H23A 262 -184 -876 55  
H23B 754 -704 -1678 55  
H23C -174 -73 -2406 55  
H24A 2821 1778 6435 48  
H24B 1578 1301 6490 48  
H24C 1357 2075 6474 48  
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Table A.3.4.  Torsion Angles [°] for [Mn(CO)3{η5-1,2-C5H3(CO4-MeOC6H4)2}]  (5c). 
 
 
O6–C14–C13–C12 -178.7(3)  
C15–C14–C13–C12 0.3(5)  
C14–C13–C12–C11 -1.1(5)  
C13–C12–C11–C16 0.2(5)  
C13–C12–C11–C6 174.1(3)  
C12–C11–C16–C15 1.7(5)  
C6–C11–C16–C15 -172.2(3)  
O6–C14–C15–C16 -179.6(3)  
C13–C14–C15–C16 1.4(6)  
C11–C16–C15–C14 -2.4(6)  
C16–C11–C6–O1 150.1(4)  
C12–C11–C6–O1 -23.7(5)  
C16–C11–C6–C1 -25.0(5)  
C12–C11–C6–C1 161.2(3)  
O1–C6–C1–C2 -35.0(5)  
C11–C6–C1–C2 140.1(3)  
O1–C6–C1–C5 150.0(4)  
C11–C6–C1–C5 -34.9(5)  
O1–C6–C1–Mn1 54.5(5)  
C11–C6–C1–Mn1 -130.4(3)  
C2–C1–C5–C4 0.8(4)  
C6–C1–C5–C4 176.4(4)  
Mn1–C1–C5–C4 -60.1(3)  
C2–C1–C5–Mn1 60.9(2)  
C6–C1–C5–Mn1 -123.5(4)  
C1–C5–C4–C3 -1.3(4)  
Mn1–C5–C4–C3 -61.4(3)  
C1–C5–C4–Mn1 60.1(2)  
C5–C4–C3–C2 1.3(4)  
Mn1–C4–C3–C2 -60.8(3)  
C5–C4–C3–Mn1 62.1(3)  
C4–C3–C2–C1 -0.8(4)  
Mn1–C3–C2–C1 -61.5(2)  
C4–C3–C2–C7 -171.6(3)  
Mn1–C3–C2–C7 127.7(3)  
C4–C3–C2–Mn1 60.7(3)  
C5–C1–C2–C3 0.0(4)  
C6–C1–C2–C3 -175.9(3)  
Mn1–C1–C2–C3 61.7(3)  
C5–C1–C2–C7 170.6(3)  
C6–C1–C2–C7 -5.3(6)  
Mn1–C1–C2–C7 -127.7(4)  
  
 
306
C5–C1–C2–Mn1 -61.6(2)  
C6–C1–C2–Mn1 122.5(3)  
C3–C2–C7–O2 -73.9(5)  
C1–C2–C7–O2 117.0(4)  
Mn1–C2–C7–O2 21.1(6)  
C3–C2–C7–C17 102.2(4)  
C1–C2–C7–C17 -66.9(5)  
Mn1–C2–C7–C17 -162.8(3)  
O2–C7–C17–C18 177.0(4)  
C2–C7–C17–C18 0.9(5)  
O2–C7–C17–C22 -1.3(6)  
C2–C7–C17–C22 -177.4(3)  
C18–C17–C22–C21 1.4(6)  
C7–C17–C22–C21 179.9(3)  
C17–C22–C21–C20 -1.3(6)  
C22–C21–C20–O7 179.2(4)  
C22–C21–C20–C19 0.3(6)  
O7–C20–C19–C18 -178.5(3)  
C21–C20–C19–C18 0.5(6)  
C20–C19–C18–C17 -0.3(6)  
C22–C17–C18–C19 -0.6(6)  
C7–C17–C18–C19 -179.0(3)  
C15–C14–O6–C23 -4.4(5)  
C13–C14–O6–C23 174.6(4)  
C21–C20–O7–C24 -0.6(6)  
C19–C20–O7–C24 178.5(3)  
O4–C9–Mn1–C10 137(7)  
O4–C9–Mn1–C8 -134(7)  
O4–C9–Mn1–C4 18(7)  
O4–C9–Mn1–C2 -38(7)  
O4–C9–Mn1–C1 16(7)  
O4–C9–Mn1–C3 -21(7)  
O4–C9–Mn1–C5 43(7)  
O5–C10–Mn1–C9 -127(30)  
O5–C10–Mn1–C8 141(30)  
O5–C10–Mn1–C4 -36(30)  
O5–C10–Mn1–C2 47(30)  
O5–C10–Mn1–C1 31(30)  
O5–C10–Mn1–C3 -18(30)  
O5–C10–Mn1–C5 -7(30)  
O3–C8–Mn1–C9 -83(10)  
O3–C8–Mn1–C10 9(10)  
O3–C8–Mn1–C4 -176(100)  
O3–C8–Mn1–C2 146(10)  
O3–C8–Mn1–C1 110(10)  
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O3–C8–Mn1–C3 -179(100)  
O3–C8–Mn1–C5 102(10)  
C5–C4–Mn1–C9 143.4(2)  
C3–C4–Mn1–C9 -98.3(2)  
C5–C4–Mn1–C10 50.6(3)  
C3–C4–Mn1–C10 168.9(2)  
C5–C4–Mn1–C8 -123.6(4)  
C3–C4–Mn1–C8 -5.3(5)  
C5–C4–Mn1–C2 -81.1(2)  
C3–C4–Mn1–C2 37.1(2)  
C5–C4–Mn1–C1 -37.7(2)  
C3–C4–Mn1–C1 80.6(2)  
C5–C4–Mn1–C3 -118.3(3)  
C3–C4–Mn1–C5 118.3(3)  
C3–C2–Mn1–C9 28.7(3)  
C1–C2–Mn1–C9 146.6(3)  
C7–C2–Mn1–C9 -91.6(4)  
C3–C2–Mn1–C10 -143.8(3)  
C1–C2–Mn1–C10 -25.8(3)  
C7–C2–Mn1–C10 96.0(4)  
C3–C2–Mn1–C8 123.7(2)  
C1–C2–Mn1–C8 -118.3(3)  
C7–C2–Mn1–C8 3.5(4)  
C3–C2–Mn1–C4 -37.7(2)  
C1–C2–Mn1–C4 80.3(2)  
C7–C2–Mn1–C4 -157.9(4)  
C3–C2–Mn1–C1 -118.0(3)  
C7–C2–Mn1–C1 121.8(4)  
C1–C2–Mn1–C3 118.0(3)  
C7–C2–Mn1–C3 -120.2(4)  
C3–C2–Mn1–C5 -80.1(2)  
C1–C2–Mn1–C5 37.9(2)  
C7–C2–Mn1–C5 159.7(4)  
C2–C1–Mn1–C9 -77.9(4)  
C5–C1–Mn1–C9 39.6(5)  
C6–C1–Mn1–C9 164.5(4)  
C2–C1–Mn1–C10 162.5(2)  
C5–C1–Mn1–C10 -80.1(2)  
C6–C1–Mn1–C10 44.9(3)  
C2–C1–Mn1–C8 69.5(3)  
C5–C1–Mn1–C8 -173.1(2)  
C6–C1–Mn1–C8 -48.1(4)  
C2–C1–Mn1–C4 -80.4(2)  
C5–C1–Mn1–C4 37.0(2)  
C6–C1–Mn1–C4 162.0(4)  
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C5–C1–Mn1–C2 117.4(3)  
C6–C1–Mn1–C2 -117.6(4)  
C2–C1–Mn1–C3 -37.2(2)  
C5–C1–Mn1–C3 80.2(2)  
C6–C1–Mn1–C3 -154.8(4)  
C2–C1–Mn1–C5 -117.4(3)  
C6–C1–Mn1–C5 125.0(4)  
C2–C3–Mn1–C9 -158.4(2)  
C4–C3–Mn1–C9 83.4(3)  
C2–C3–Mn1–C10 93.5(4)  
C4–C3–Mn1–C10 -24.8(5)  
C2–C3–Mn1–C8 -64.4(3)  
C4–C3–Mn1–C8 177.3(2)  
C2–C3–Mn1–C4 118.3(3)  
C4–C3–Mn1–C2 -118.3(3)  
C2–C3–Mn1–C1 38.0(2)  
C4–C3–Mn1–C1 -80.3(2)  
C2–C3–Mn1–C5 81.2(2)  
C4–C3–Mn1–C5 -37.1(2)  
C4–C5–Mn1–C9 -43.2(3)  
C1–C5–Mn1–C9 -161.6(2)  
C4–C5–Mn1–C10 -137.4(3)  
C1–C5–Mn1–C10 104.2(2)  
C4–C5–Mn1–C8 130.9(3)  
C1–C5–Mn1–C8 12.5(4)  
C1–C5–Mn1–C4 -118.4(3)  
C4–C5–Mn1–C2 80.3(2)  
C1–C5–Mn1–C2 -38.1(2)  
C4–C5–Mn1–C1 118.4(3)  
C4–C5–Mn1–C3 37.7(2)  
C1–C5–Mn1–C3 -80.7(2)  
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Table A.4.1.  Positional Parameters and Equivalent U Values for the Refined 
Atoms of [Mn(CO)3{η5-SC7H3-1,3-(4-ClC6H4)2}] (9d). 
 
 
 
Atom x y z U(eq)  
Mn1A 5482(1) 3307(1) 2936(1) 17(1)  
O3A 3481(1) 3471(1) 3435(1) 23(1)  
O4A 6567(2) 4213(1) 4441(2) 34(1)  
O5A 6442(2) 2439(1) 4598(2) 30(1)  
S1A 3451(1) 2277(1) 713(1) 17(1)  
Cl1A 6824(1) -114(1) 1898(1) 37(1)  
Cl2A -577(1) 4379(1) -917(1) 25(1)  
C1A 5273(2) 2751(1) 1485(2) 17(1)  
C2A 4499(2) 3207(1) 1197(2) 16(1)  
C3A 5061(2) 3743(1) 1429(2) 18(1)  
C4A 6173(2) 3610(1) 1794(2) 19(1)  
C5A 6323(2) 3015(1) 1906(2) 18(1)  
C6A 4814(2) 2204(1) 1261(2) 16(1)  
C7A 3434(2) 3007(1) 768(2) 15(1)  
C8A 4267(2) 3408(1) 3258(2) 17(1)  
C9A 6140(2) 3852(1) 3857(2) 23(1)  
C10A 6036(2) 2770(1) 3937(2) 21(1)  
C11A 5297(2) 1639(1) 1416(2) 18(1)  
C12A 4696(2) 1152(1) 959(2) 20(1)  
C13A 5162(2) 616(1) 1122(2) 23(1)  
C14A 6228(2) 560(1) 1733(2) 25(1)  
C15A 6836(2) 1027(1) 2212(2) 25(1)  
C16A 6374(2) 1563(1) 2053(2) 22(1)  
C17A 2437(2) 3329(1) 391(2) 15(1)  
C18A 1468(2) 3074(1) -234(2) 17(1)  
C19A 545(2) 3390(1) -625(2) 20(1)  
C20A 571(2) 3965(1) -384(2) 18(1)  
C21A 1498(2) 4226(1) 269(2) 20(1)  
C22A 2428(2) 3907(1) 655(2) 19(1)  
Mn1B -196(1) 1288(1) 249(1) 16(1)  
O3B -1039(1) 2198(1) -1367(1) 27(1)  
O4B -1464(2) 411(1) -1206(2) 37(1)  
O5B 1741(2) 998(1) -292(1) 33(1)  
S1B 1852(1) 2348(1) 2353(1) 16(1)  
Cl1B 5946(1) 309(1) 4276(1) 27(1)  
Cl2B -1654(1) 4687(1) 1320(1) 24(1)  
C1B 821(2) 1411(1) 1966(2) 14(1)  
C2B 37(2) 1864(1) 1668(2) 16(1)  
C3B -1012(2) 1598(1) 1290(2) 17(1)  
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C4B -846(2) 1000(1) 1424(2) 18(1)  
C5B 256(2) 874(1) 1775(2) 18(1)  
C6B 1882(2) 1614(1) 2360(2) 15(1)  
C7B 487(2) 2414(1) 1843(2) 15(1)  
C8B -686(2) 1844(1) -741(2) 20(1)  
C9B -965(2) 762(1) -654(2) 25(1)  
C10B 979(2) 1113(1) -100(2) 22(1)  
C11B 2887(2) 1305(1) 2780(2) 15(1)  
C12B 3841(2) 1580(1) 3386(2) 17(1)  
C13B 4776(2) 1276(1) 3821(2) 20(1)  
C14B 4775(2) 693(1) 3665(2) 19(1)  
C15B 3861(2) 412(1) 3056(2) 22(1)  
C16B 2923(2) 719(1) 2607(2) 19(1)  
C17B -25(2) 2970(1) 1695(2) 15(1)  
C18B 535(2) 3454(1) 2222(2) 17(1)  
C19B 36(2) 3983(1) 2093(2) 20(1)  
C20B -1024(2) 4029(1) 1450(2) 18(1)  
C21B -1582(2) 3561(1) 905(2) 19(1)  
C22B -1084(2) 3038(1) 1024(2) 18(1)  
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Table A.4.2.  Anisotropic Displacement Parameters (U Values) Refined for the 
Non-Hydrogen Atoms of [Mn(CO)3{η5-SC7H3-1,3-(4-ClC6H4)2}] (9d). 
 
 
Atom U11 U22 U33 U23 U13 U12  
Mn1A 16(1) 19(1) 16(1) -1(1) 5(1) -1(1)  
O3A 20(1) 28(1) 24(1) -2(1) 9(1) -3(1)  
O4A 31(1) 40(1) 33(1) -16(1) 13(1) -15(1)  
O5A 30(1) 33(1) 25(1) 8(1) 6(1) 6(1)  
S1A 15(1) 16(1) 19(1) -1(1) 6(1) 1(1)  
Cl1A 43(1) 23(1) 47(1) 9(1) 20(1) 16(1)  
Cl2A 21(1) 29(1) 22(1) 0(1) 3(1) 10(1)  
C1A 16(1) 20(1) 17(1) 1(1) 8(1) 2(1)  
C2A 19(1) 18(1) 12(1) 1(1) 8(1) 3(1)  
C3A 20(1) 16(1) 19(1) 1(1) 7(1) -2(1)  
C4A 19(1) 22(2) 17(1) 0(1) 7(1) -4(1)  
C5A 15(1) 24(2) 18(1) 0(1) 9(1) 1(1)  
C6A 17(1) 19(1) 15(1) 0(1) 8(1) 3(1)  
C7A 18(1) 14(1) 14(1) 0(1) 7(1) 2(1)  
C8A 19(1) 15(1) 14(1) 0(1) 1(1) -3(1)  
C9A 17(1) 31(2) 23(1) 0(1) 8(1) 0(1)  
C10A 20(1) 27(2) 18(1) -3(1) 8(1) 1(1)  
C11A 20(1) 20(1) 14(1) 5(1) 7(1) 2(1)  
C12A 21(1) 21(2) 19(1) 2(1) 8(1) 2(1)  
C13A 31(2) 17(2) 25(2) 0(1) 13(1) 0(1)  
C14A 31(2) 21(2) 30(2) 7(1) 19(1) 12(1)  
C15A 18(1) 29(2) 29(2) 8(1) 8(1) 7(1)  
C16A 18(1) 22(2) 27(2) 2(1) 9(1) 1(1)  
C17A 17(1) 17(1) 13(1) 2(1) 7(1) 1(1)  
C18A 20(1) 14(1) 17(1) -1(1) 8(1) -1(1)  
C19A 18(1) 26(2) 17(1) 0(1) 6(1) -2(1)  
C20A 16(1) 24(2) 16(1) 5(1) 7(1) 8(1)  
C21A 24(2) 16(1) 21(1) 1(1) 6(1) 6(1)  
C22A 18(1) 18(1) 19(1) 0(1) 5(1) -2(1)  
Mn1B 16(1) 18(1) 16(1) -2(1) 5(1) -1(1)  
O3B 33(1) 25(1) 21(1) 5(1) 6(1) 5(1)  
O4B 40(1) 37(1) 37(1) -19(1) 17(1) -16(1)  
O5B 23(1) 53(1) 25(1) -2(1) 11(1) 7(1)  
S1B 15(1) 16(1) 18(1) -1(1) 5(1) 0(1)  
Cl1B 19(1) 28(1) 30(1) 8(1) 3(1) 6(1)  
Cl2B 24(1) 20(1) 25(1) -2(1) 4(1) 6(1)  
C1B 15(1) 18(1) 12(1) -1(1) 6(1) 1(1)  
C2B 18(1) 19(1) 12(1) 0(1) 8(1) 1(1)  
C3B 14(1) 21(2) 17(1) -2(1) 5(1) 0(1)  
C4B 18(1) 23(2) 15(1) 0(1) 8(1) -4(1)  
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C5B 19(1) 19(1) 16(1) 1(1) 7(1) -1(1)  
C6B 19(1) 16(1) 13(1) 0(1) 7(1) 2(1)  
C7B 14(1) 21(1) 11(1) 0(1) 5(1) 1(1)  
C8B 17(1) 24(2) 21(1) -9(1) 7(1) 0(1)  
C9B 22(2) 28(2) 28(2) -2(1) 13(1) 0(1)  
C10B 23(2) 27(2) 12(1) 0(1) 2(1) -2(1)  
C11B 17(1) 17(1) 13(1) 2(1) 5(1) 0(1)  
C12B 20(1) 17(1) 15(1) -1(1) 6(1) -1(1)  
C13B 17(1) 24(2) 19(1) 0(1) 5(1) 0(1)  
C14B 17(1) 24(2) 16(1) 7(1) 5(1) 6(1)  
C15B 22(2) 17(1) 26(2) 4(1) 7(1) 1(1)  
C16B 18(1) 18(1) 21(1) 0(1) 4(1) -1(1)  
C17B 16(1) 18(1) 13(1) 1(1) 7(1) 1(1)  
C18B 15(1) 20(1) 15(1) -1(1) 4(1) -1(1)  
C19B 21(1) 18(1) 21(1) -4(1) 7(1) -2(1)  
C20B 24(1) 15(1) 18(1) 2(1) 10(1) 5(1)  
C21B 15(1) 24(2) 18(1) 0(1) 5(1) 1(1)  
C22B 18(1) 18(1) 17(1) -3(1) 5(1) -2(1)  
 
 
The form of the anisotropic displacement expression is: 
-2π2[h2a*2U11 + ... + 2hka*b*U12] 
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Table A.4.3.  Positional Parameters and U Values for the Hydrogen Atoms of 
[Mn(CO)3{η5-SC7H3-1,3-(4-ClC6H4)2}] (9d). 
 
 
Atom x y z U(eq)  
H3A 4751 4112 1353 21  
H4A 6733 3883 1940 23  
H5A 6987 2822 2203 22  
H12A 3964 1191  535 24  
H13A 4750 289 814 28  
H15A 7563 980 2647 30  
H18A 1451 2678 -387 20  
H16A 6791 1885 2380 27  
H19A -102 3215 -1056 24  
H21A 1496 4619 449 24  
H22A 3066 4082 1105 22  
H3B -1681 1788 1007 21  
H4B -1400 725 1295 22  
H5B 568 504 1868 22  
H12B 3841 1981 3497 21  
H13B 5417 1466 4226 24  
H15B 3873 12 2944 27  
H16B 2295 528 2176 23  
H18B 1261 3419 2669 20  
H19B 418 4310 2444 24  
H21B -2305 3601 451 22  
H22B -1467 2717 645 22  
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Table A.4.4.  Torsion Angles [°] for [Mn(CO)3{η5-SC7H3-1,3-(4-ClC6H4)2}] (9d). 
 
C8B–Mn1B–C9B–O4B -150(6)  
C10B–Mn1B–C9B–O4B 114(6)  
C4B–Mn1B–C9B–O4B -21(6)  
C5B–Mn1B–C9B–O4B 15(6)  
C3B–Mn1B–C9B–O4B -54(6)  
C1B–Mn1B–C9B–O4B 22(6)  
C2B–Mn1B–C9B–O4B -47(6)  
C17B–C18B–C19B–C20B 0.7(4)  
C6B–S1B–C7B–C2B -0.18(18)  
C6B–S1B–C7B–C17B 177.60(19)  
C19B–C18B–C17B–C22B 1.3(3)  
C19B–C18B–C17B–C7B -178.7(2)  
C2B–C7B–C17B–C22B -20.4(4)  
S1B–C7B–C17B–C22B 162.39(18)  
C2B–C7B–C17B–C18B 159.7(2)  
S1B–C7B–C17B–C18B -17.5(3)  
C9A–Mn1A–C8A–O3A 133(7)  
C10A–Mn1A–C8A–O3A  -136(7)  
C4A–Mn1A–C8A–O3A 41(7)  
C5A–Mn1A–C8A–O3A -26(7)  
C3A–Mn1A–C8A–O3A 31(7)  
C2A–Mn1A–C8A–O3A -6(7)  
C1A–Mn1A–C8A–O3A -35(7)  
C9A–Mn1A–C4A–C5A 131.29(16)  
C10A–Mn1A–C4A–C5A 39.72(19)  
C8A–Mn1A–C4A–C5A -136.08(17)  
C3A–Mn1A–C4A–C5A -120.4(2)  
C2A–Mn1A–C4A–C5A -81.23(15)  
C1A–Mn1A–C4A–C5A -39.18(14)  
C9A–Mn1A–C4A–C3A -108.34(16)  
C10A–Mn1A–C4A–C3A 160.09(15)  
C8A–Mn1A–C4A–C3A -15.7(2)  
C5A–Mn1A–C4A–C3A 120.4(2)  
C2A–Mn1A–C4A–C3A 39.14(13)  
C1A–Mn1A–C4A–C3A 81.19(15)  
C20B–C21B–C22B–C17B 0.5(4)  
C18B–C17B–C22B–C21B -2.0(4)  
C7B–C17B–C22B–C21B 178.1(2)  
C17A–C22A–C21A–C20A 0.2(4)  
C16A–C15A–C14A–C13A -1.7(4)  
C16A–C15A–C14A–Cl1A 177.9(2)  
C9A–Mn1A–C1A–C6A 153.5(2)  
C10A–Mn1A–C1A–C6A 47.8(2)  
  
 
315
C8A–Mn1A–C1A–C6A -51.5(2)  
C4A–Mn1A–C1A–C6A 174.7(2)  
C5A–Mn1A–C1A–C6A 135.4(3)  
C3A–Mn1A–C1A–C6A -141.7(2)  
C2A–Mn1A–C1A–C6A -105.3(3)  
C9A–Mn1A–C1A–C2A -101.3(3)  
C10A–Mn1A–C1A–C2A 153.10(15)  
C8A–Mn1A–C1A–C2A 53.80(17)  
C4A–Mn1A–C1A–C2A -80.03(15)  
C5A–Mn1A–C1A–C2A -119.3(2)  
C3A–Mn1A–C1A–C2A -36.39(13)  
C9A–Mn1A–C1A–C5A 18.0(3)  
C10A–Mn1A–C1A–C5A -87.60(15)  
C8A–Mn1A–C1A–C5A 173.09(15)  
C4A–Mn1A–C1A–C5A 39.26(14)  
C3A–Mn1A–C1A–C5A 82.91(15)  
C2A–Mn1A–C1A–C5A 119.3(2)  
C6A–S1A–C7A–C2A 1.19(18)  
C6A–S1A–C7A–C17A -179.91(19)  
C3A–C4A–C5A–C1A 6.5(3)  
Mn1A–C4A–C5A–C1A 66.76(16)  
C3A–C4A–C5A–Mn1A -60.27(17)  
C6A–C1A–C5A–C4A 173.8(3)  
C2A–C1A–C5A–C4A -4.1(3)  
Mn1A–C1A–C5A–C4A -63.53(16)  
C6A–C1A–C5A–Mn1A -122.7(3)  
C2A–C1A–C5A–Mn1A  59.39(16)  
C9A–Mn1A–C5A–C4A -56.08(18)  
C10A–Mn1A–C5A–C4A -148.78(16)  
C8A–Mn1A–C5A–C4A 101.4(2)  
C3A–Mn1A–C5A–C4A  36.51(14)  
C2A–Mn1A–C5A–C4A  78.86(15)  
C1A–Mn1A–C5A–C4A 114.9(2)  
C9A–Mn1A–C5A–C1A -171.01(15)  
C10A–Mn1A–C5A–C1A 96.29(15)  
C8A–Mn1A–C5A–C1A -13.5(3)  
C4A–Mn1A–C5A–C1A -114.9(2)  
C3A–Mn1A–C5A–C1A -78.42(14)  
C2A–Mn1A–C5A–C1A -36.07(13)  
C9B–Mn1B–C3B–C4B  59.48(17)  
C8B–Mn1B–C3B–C4B 153.07(15)  
C10B–Mn1B–C3B–C4B -91.4(3)  
C5B–Mn1B–C3B–C4B -36.24(14)  
C1B–Mn1B–C3B–C4B -78.83(15)  
C2B–Mn1B–C3B–C4B -114.9(2)  
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C9B–Mn1B–C3B–C2B 174.35(15)  
C8B–Mn1B–C3B–C2B -92.06(15)  
C10B–Mn1B–C3B–C2B 23.5(3)  
C4B–Mn1B–C3B–C2B 114.9(2)  
C5B–Mn1B–C3B–C2B 78.62(15)  
C1B–Mn1B–C3B–C2B 36.04(13)  
C16B–C15B–C14B–C13B -1.0(4)  
C16B–C15B–C14B–Cl1B 177.56(19)  
C12B–C13B–C14B–C15B 1.8(4)  
C12B–C13B–C14B–Cl1B -176.82(18)  
C17A–C7A–C2A–C3A -1.2(5)  
S1A–C7A–C2A–C3A 177.6(3)  
C17A–C7A–C2A–C1A 179.7(2)  
S1A–C7A–C2A–C1A -1.6(2)  
C17A–C7A–C2A–Mn1A 95.8(3)  
S1A–C7A–C2A–Mn1A -85.5(2)  
C6A–C1A–C2A–C7A 1.3(3)  
C5A–C1A–C2A–C7A 179.77(19)  
Mn1A–C1A–C2A–C7A -123.73(19)  
C6A–C1A–C2A–C3A -178.1(2)  
C5A–C1A–C2A–C3A 0.4(3)  
Mn1A–C1A–C2A–C3A 56.87(16)  
C6A–C1A–C2A–Mn1A 125.0(2)  
C5A–C1A–C2A–Mn1A -56.49(16)  
C9A–Mn1A–C2A–C7A -118.6(2)  
C10A–Mn1A–C2A–C7A 69.6(3)  
C8A–Mn1A–C2A–C7A -27.3(2)  
C4A–Mn1A–C2A–C7A -174.5(2)  
C5A–Mn1A–C2A–C7A 142.3(2)  
C3A–Mn1A–C2A–C7A -134.6(3)  
C1A–Mn1A–C2A–C7A 105.1(3)  
C9A–Mn1A–C2A–C3A 16.0(2)  
C10A–Mn1A–C2A–C3A -155.89(15)  
C8A–Mn1A–C2A–C3A 107.20(15)  
C4A–Mn1A–C2A–C3A -39.90(14)  
C5A–Mn1A–C2A–C3A -83.18(15)  
C1A–Mn1A–C2A–C3A -120.3(2)  
C9A–Mn1A–C2A–C1A 136.30(17)  
C10A–Mn1A–C2A–C1A -35.57(19)  
C8A–Mn1A–C2A–C1A -132.47(15)  
C4A–Mn1A–C2A–C1A 80.42(15)  
C5A–Mn1A–C2A–C1A 37.14(14)  
C3A–Mn1A–C2A–C1A 120.3(2)  
C2A–C1A–C6A–C11A 179.5(2)  
C5A–C1A–C6A–C11A 1.7(5)  
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Mn1A–C1A–C6A–C11A -96.8(3)  
C2A–C1A–C6A–S1A -0.3(3)  
C5A–C1A–C6A–S1A -178.1(3)  
Mn1A–C1A–C6A–S1A 83.4(2)  
C7A–S1A–C6A–C1A -0.50(19)  
C7A–S1A–C6A–C11A 179.66(19)  
C9A–Mn1A–C10A–O5A -41(4)  
C8A–Mn1A–C10A–O5A -132(4)  
C4A–Mn1A–C10A–O5A 51(4)  
C5A–Mn1A–C10A–O5A 74(4)  
C3A–Mn1A–C10A–O5A 88(4)  
C2A–Mn1A–C10A–O5A 134(4)  
C1A–Mn1A–C10A–O5A 113(4)  
C22B–C21B–C20B–C19B 1.6(4)  
C22B–C21B–C20B–Cl2B -178.98(19)  
C18B–C19B–C20B–C21B -2.2(4)  
C18B–C19B–C20B–Cl2B 178.36(19)  
C9B–Mn1B–C5B–C4B -71.22(17)  
C8B–Mn1B–C5B–C4B 62.9(3)  
C10B–Mn1B–C5B–C4B -164.51(16)  
C3B–Mn1B–C5B–C4B 36.55(14)  
C1B–Mn1B–C5B–C4B 115.2(2)  
C2B–Mn1B–C5B–C4B 79.21(15)  
C9B–Mn1B–C5B–C1B 173.61(14)  
C8B–Mn1B–C5B–C1B -52.3(3)  
C10B–Mn1B–C5B–C1B 80.32(15)  
C4B–Mn1B–C5B–C1B -115.2(2)  
C3B–Mn1B–C5B–C1B -78.62(14)  
C2B–Mn1B–C5B–C1B -35.96(13)  
C9B–Mn1B–C10B–O5B -120(8)  
C8B–Mn1B–C10B–O5B 149(8)  
C4B–Mn1B–C10B–O5B -29(8)  
C5B–Mn1B–C10B–O5B -16(8)  
C3B–Mn1B–C10B–O5B 33(8)  
C1B–Mn1B–C10B–O5B 22(8)  
C2B–Mn1B–C10B–O5B 50(8)  
C13A–C12A–C11A–C16A -1.0(4)  
C13A–C12A–C11A–C6A -179.3(2)  
C1A–C6A–C11A–C16A 13.1(4)  
S1A–C6A–C11A–C16A -167.09(19)  
C1A–C6A–C11A–C12A -168.7(2)  
S1A–C6A–C11A–C12A 11.1(3)  
C14B–C13B–C12B–C11B -0.3(4)  
C15A–C14A–C13A–C12A 1.8(4)  
Cl1A–C14A–C13A–C12A -177.83(19)  
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C11A–C12A–C13A–C14A -0.4(4)  
C4B–C5B–C1B–C6B 175.9(3)  
Mn1B–C5B–C1B–C6B -121.2(3)  
C4B–C5B–C1B–C2B -3.0(3)  
Mn1B–C5B–C1B–C2B 59.88(16)  
C4B–C5B–C1B–Mn1B -62.89(16)  
C9B–Mn1B–C1B–C6B 124.9(2)  
C8B–Mn1B–C1B–C6B -66.0(3)  
C10B–Mn1B–C1B–C6B 32.3(2)  
C4B–Mn1B–C1B–C6B 174.1(3)  
C5B–Mn1B–C1B–C6B 134.9(3)  
C3B–Mn1B–C1B–C6B -142.3(2)  
C2B–Mn1B–C1B–C6B -105.3(3)  
C9B–Mn1B–C1B–C5B -10.1(2)  
C8B–Mn1B–C1B–C5B 159.09(15)  
C10B–Mn1B–C1B–C5B -102.60(15)  
C4B–Mn1B–C1B–C5B 39.18(14)  
C3B–Mn1B–C1B–C5B 82.80(15)  
C2B–Mn1B–C1B–C5B 119.76(19)  
C9B–Mn1B–C1B–C2B -129.82(18)  
C8B–Mn1B–C1B–C2B 39.33(18)  
C10B–Mn1B–C1B–C2B 137.65(15)  
C4B–Mn1B–C1B–C2B -80.58(15)  
C5B–Mn1B–C1B–C2B -119.76(19)  
C3B–Mn1B–C1B–C2B -36.96(13)  
C17A–C18A–C19A–C20A -1.1(4)  
C13B–C12B–C11B–C16B -1.8(4)  
C13B–C12B–C11B–C6B 176.9(2)  
C1B–C5B–C4B–C3B 5.2(3)  
Mn1B–C5B–C4B–C3B -60.74(17)  
C1B–C5B–C4B–Mn1B 65.96(16)  
C2B–C3B–C4B–C5B -5.3(3)  
Mn1B–C3B–C4B–C5B 60.78(17)  
C2B–C3B–C4B–Mn1B -66.12(16)  
C9B–Mn1B–C4B–C5B 113.00(16)  
C8B–Mn1B–C4B–C5B -155.54(15)  
C10B–Mn1B–C4B–C5B 21.9(2)  
C3B–Mn1B–C4B–C5B -120.3(2)  
C1B–Mn1B–C4B–C5B -39.00(14)  
C2B–Mn1B–C4B–C5B -81.17(15)  
C9B–Mn1B–C4B–C3B -126.72(16)  
C8B–Mn1B–C4B–C3B -35.26(19)  
C10B–Mn1B–C4B–C3B 142.22(16)  
C5B–Mn1B–C4B–C3B 120.3(2)  
C1B–Mn1B–C4B–C3B 81.28(15)  
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C2B–Mn1B–C4B–C3B 39.11(13)  
C21A–C22A–C17A–C18A -3.1(4)  
C21A–C22A–C17A–C7A 177.4(2)  
C19A–C18A–C17A–C22A 3.5(3)  
C19A–C18A–C17A–C7A -176.9(2)  
C2A–C7A–C17A–C22A -15.1(4)  
S1A–C7A–C17A–C22A 166.24(18)  
C2A–C7A–C17A–C18A 165.3(2)  
S1A–C7A–C17A–C18A -13.3(3)  
C17B–C7B–C2B–C1B -177.0(2)  
S1B–C7B–C2B–C1B 0.5(2)  
C17B–C7B–C2B–C3B 1.1(5)  
S1B–C7B–C2B–C3B 178.7(3)  
C17B–C7B–C2B–Mn1B 99.3(3)  
S1B–C7B–C2B–Mn1B -83.2(2)  
C6B–C1B–C2B–C7B -0.8(3)  
C5B–C1B–C2B–C7B 178.49(19)  
Mn1B–C1B–C2B–C7B -124.48(19)  
C6B–C1B–C2B–C3B -179.45(19)  
C5B–C1B–C2B–C3B -0.2(3)  
Mn1B–C1B–C2B–C3B 56.82(16)  
C6B–C1B–C2B–Mn1B 123.73(19)  
C5B–C1B–C2B–Mn1B -57.03(15)  
C4B–C3B–C2B–C7B -174.9(3)  
Mn1B–C3B–C2B–C7B 122.3(3)  
C4B–C3B–C2B–C1B 3.3(3)  
Mn1B–C3B–C2B–C1B -59.48(16)  
C4B–C3B–C2B–Mn1B 62.79(16)  
C9B–Mn1B–C2B–C7B -145.5(2)  
C8B–Mn1B–C2B–C7B -43.6(2)  
C10B–Mn1B–C2B–C7B 56.2(2)  
C4B–Mn1B–C2B–C7B -174.5(2)  
C5B–Mn1B–C2B–C7B 142.3(2)  
C3B–Mn1B–C2B–C7B -135.0(3)  
C1B–Mn1B–C2B–C7B 105.4(3)  
C9B–Mn1B–C2B–C1B 109.1(2)  
C8B–Mn1B–C2B–C1B -149.10(15)  
C10B–Mn1B–C2B–C1B -49.21(17)  
C4B–Mn1B–C2B–C1B 80.01(15)  
C5B–Mn1B–C2B–C1B 36.81(13)  
C3B–Mn1B–C2B–C1B 119.6(2)  
C9B–Mn1B–C2B–C3B -10.5(3)  
C8B–Mn1B–C2B–C3B 91.33(16)  
C10B–Mn1B–C2B–C3B -168.78(15)  
C4B–Mn1B–C2B–C3B -39.56(14)  
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C5B–Mn1B–C2B–C3B -82.77(15)  
C1B–Mn1B–C2B–C3B -119.6(2)  
C9B–Mn1B–C8B–O3B 73(5)  
C10B–Mn1B–C8B–O3B 165(5)  
C4B–Mn1B–C8B–O3B -17(5)  
C5B–Mn1B–C8B–O3B -63(5)  
C3B–Mn1B–C8B–O3B -39(5)  
C1B–Mn1B–C8B–O3B -100(5)  
C2B–Mn1B–C8B–O3B -77(5)  
C22A–C21A–C20A–C19A 2.4(4)  
C22A–C21A–C20A–Cl2A -176.99(19)  
C18A–C19A–C20A–C21A -1.9(4)  
C18A–C19A–C20A–Cl2A 177.41(18)  
C5A–C4A–C3A–C2A -6.2(3)  
Mn1A–C4A–C3A–C2A -66.54(16)  
C5A–C4A–C3A–Mn1A 60.32(17)  
C7A–C2A–C3A–C4A -175.7(3)  
C1A–C2A–C3A–C4A 3.5(3)  
Mn1A–C2A–C3A–C4A 63.34(16)  
C7A–C2A–C3A–Mn1A 121.0(3)  
C1A–C2A–C3A–Mn1A -59.86(17)  
C9A–Mn1A–C3A–C4A 76.13(16)  
C10A–Mn1A–C3A–C4A -51.2(3)  
C8A–Mn1A–C3A–C4A 169.47(15)  
C5A–Mn1A–C3A–C4A -36.16(14)  
C2A–Mn1A–C3A–C4A -114.4(2)  
C1A–Mn1A–C3A–C4A -78.81(15)  
C9A–Mn1A–C3A–C2A -169.46(14)  
C10A–Mn1A–C3A–C2A 63.2(3)  
C8A–Mn1A–C3A–C2A -76.13(15)  
C4A–Mn1A–C3A–C2A 114.4(2)  
C5A–Mn1A–C3A–C2A 78.24(15)  
C1A–Mn1A–C3A–C2A 35.60(13)  
C14B–C15B–C16B–C11B -1.2(4)  
C12B–C11B–C16B–C15B 2.6(4)  
C6B–C11B–C16B–C15B -176.1(2)  
C10A–Mn1A–C9A–O4A 156(11)  
C8A–Mn1A–C9A–O4A -109(11)  
C4A–Mn1A–C9A–O4A 29(11)  
C5A–Mn1A–C9A–O4A 61(11)  
C3A–Mn1A–C9A–O4A -8(11)  
C2A–Mn1A–C9A–O4A -18(11)  
C1A–Mn1A–C9A–O4A 48(11)  
C14A–C15A–C16A–C11A 0.3(4)  
C12A–C11A–C16A–C15A 1.1(4)  
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C6A–C11A–C16A–C15A 179.4(2)  
C5B–C1B–C6B–C11B -1.7(5)  
C2B–C1B–C6B–C11B 177.2(2)  
Mn1B–C1B–C6B–C11B -99.0(3)  
C5B–C1B–C6B–S1B -178.3(3)  
C2B–C1B–C6B–S1B 0.6(2)  
Mn1B–C1B–C6B–S1B 84.4(2)  
C16B–C11B–C6B–C1B 15.3(4)  
C12B–C11B–C6B–C1B -163.4(2)  
C16B–C11B–C6B–S1B -168.50(19)  
C12B–C11B–C6B–S1B 12.8(3)  
C7B–S1B–C6B–C1B -0.23(18)  
C7B–S1B–C6B–C11B -177.21(19)  
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Table A.5.1.  Positional Parameters and Equivalent U Values for the Refined 
Atoms of [Mn(CO)3{η5-SC7H3-1,3-(5-MeTp)2}] (12d). 
 
 
Atom x y z U(eq)  
Mn1 6950(1) -914(1) 3653(1) 29(1)  
S1 10335(2) 181(1) 3992(1) 31(1)  
S2 7241(2) 913(1) 2394(1) 38(1)  
S3 11350(2) -1674(1) 4449(1) 35(1)  
O3 7363(4) -1220(2) 5267(2) 42(1)  
O4 4732(4) -1825(2) 3513(2) 40(1)  
O5 4883(4) 57(2) 3922(2) 41(1)  
C1 8562(5) -311(2) 3099(3) 24(1)  
C2 9325(6) -786(2) 3474(3) 25(1)  
C3 8781(6) -1336(2) 3182(3) 31(2)  
C4 7781(5) -1198(2) 2601(3) 30(1)  
C5 7575(6) -579(2) 2567(3) 30(1)  
C6 8987(6) 255(2) 3336(3) 28(1)  
C7 10355(6) -578(2) 3983(3) 26(1)  
C8 7204(6) -1105(2) 4642(3) 32(2)  
C9 5590(6) -1454(3) 3573(3) 32(2)  
C10 5681(6) -326(2) 3829(3) 31(2)  
C27 8542(5) 837(2) 3093(3) 30(1)  
C28 9006(6) 1382(2) 3325(3) 29(1)  
C29 8333(6) 1849(2) 2940(3) 41(2)  
C30 7351(6) 1674(2) 2414(3) 37(2)  
C31 11384(6) -908(2) 4426(3) 26(1)  
C32 12514(6) -706(2) 4863(3) 27(1)  
C33 13302(6) -1156(3) 5194(3) 36(2)  
C34 12824(6) -1706(2) 5028(3) 34(2)  
C35 6510(7) 2048(2) 1871(3) 54(2)  
C36 13430(6) -2295(2) 5275(3) 47(2)  
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Table A.5.2.  Anisotropic Displacement Parameters (U Values) Refined for the 
Non-Hydrogen Atoms of [Mn(CO)3{η5-SC7H3-1,3-(5-MeTp)2}] (12d). 
 
 
Atom U11 U22 U33 U23 U13 U12  
Mn1 33(1) 32(1) 23(1) 1(1) 3(1) -1(1)  
S1 36(1) 31(1) 25(1) 0(1) 3(1) -1(1)  
S2 50(1) 32(1) 31(1) 2(1) -2(1) 5(1)  
S3 43(1) 32(1) 31(1) 0(1) -4(1) -1(1)  
O3 56(3) 52(3) 19(2) 7(2) 1(2) -6(2)  
O4 40(3) 40(3) 40(3) -4(2) 6(2) -6(2)  
O5 43(3) 35(3) 45(3) -2(2) 5(2) 5(2)  
C1 27(4) 26(3) 20(3) 1(3) -3(3) -2(3)  
C2 30(4) 22(3) 21(3) -1(3) 2(3) 3(3)  
C3 35(4) 31(4) 27(3) 5(3) 10(3) 6(3)  
C4 31(4) 38(4) 20(3) -2(3) 7(3) 1(3)  
C5 34(4) 32(4) 22(3) 1(3) 3(3) 0(3)  
C6 32(4) 33(4) 20(3) -2(3) 5(3) 1(3)  
C7 28(4) 30(3) 19(3) -4(3) 2(3) 4(3)  
C8 27(4) 32(4) 38(4) -3(3) 11(3) -4(3)  
C9 37(4) 40(4) 20(3) -1(3) 4(3) 13(3)  
C10 34(4) 42(4) 17(3) 3(3) -3(3) -13(3)  
C27 28(4) 41(4) 21(3) 6(3) 11(3) 4(3)  
C28 37(4) 32(4) 19(3) -1(3) -1(3) 0(3)  
C29 60(5) 29(4) 35(4) 2(3) 14(4) -1(3)  
C30 46(4) 38(4) 27(3) 2(3) 6(3) 11(3)  
C31 28(3) 26(3) 24(3) -4(3) 9(3) -1(3)  
C32 32(4) 26(3) 22(3) -2(3) 5(3) -3(3)  
C33 36(4) 43(4) 30(3) -4(3) 3(3) 0(3)  
C34 44(4) 34(4) 23(3) 3(3) 6(3) 13(3)  
C35 80(5) 44(4) 39(4) 6(3) 7(4) 16(4)  
C36 60(5) 41(4) 40(4) -7(3) -12(3) 6(3)  
 
 
 
The form of the anisotropic displacement expression is: 
-2π2[h2a*2U11 + ... + 2hka*b*U12] 
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Table A.5.3.  Positional Parameters and U Values for the Hydrogen Atoms of 
[Mn{η5-SC7H3-1,3-(5-MeTp)2}(CO)3] (12d). 
 
 
Atom x y z U(eq)  
H3 9042 -1723 3347 37  
H4 7322 -1480 2284 36  
H5 6911 -375 2254 36  
H28 9709 1439 3707 35  
H29 8544 2254 3037 50  
H32 12727 -297 4929 32  
H33 14106 -1085 5510 43  
H35A 6550 2464 2032 81  
H35B 5514 1914 1865 81  
H35C 6919 2011 1362 81  
H36A 13795 -2509 4832 71  
H36B 12677 -2530 5518 71  
H36C 14211 -2229 5635 71  
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Table A.5.4.  Torsion Angles [°] for [Mn(CO)3{η5-SC7H3-1,3-(5-MeTp)2}] (12d). 
 
 
C9–Mn1–C5–C4 -58.8(4)  
C10–Mn1–C5–C4 -153.4(3)  
C8–Mn1–C5–C4 93.7(6)  
C3–Mn1–C5–C4 37.2(3)  
C1–Mn1–C5–C4 115.4(5)  
C2–Mn1–C5–C4 79.4(3)  
C9–Mn1–C5–C1 -174.2(3)  
C10–Mn1–C5–C1 91.2(3)  
C8–Mn1–C5–C1 -21.7(7)  
C4–Mn1–C5–C1 -115.4(5)  
C3–Mn1–C5–C1 -78.2(3)  
C2–Mn1–C5–C1 -36.1(3)  
C30–S2–C27–C28 0.6(4)  
C30–S2–C27–C6 -178.6(4)  
C9–Mn1–C2–C7 -126.3(5)  
C10–Mn1–C2–C7 65.2(5)  
C8–Mn1–C2–C7 -32.9(5)  
C4–Mn1–C2–C7 -175.5(5)  
C3–Mn1–C2–C7 -135.7(6)  
C5–Mn1–C2–C7 141.1(5)  
C1–Mn1–C2–C7 104.2(6)  
C9–Mn1–C2–C3 9.4(5)  
C10–Mn1–C2–C3 -159.1(3)  
C8–Mn1–C2–C3 102.8(3)  
C4–Mn1–C2–C3 -39.7(3)  
C5–Mn1–C2–C3 -83.1(3)  
C1–Mn1–C2–C3 -120.1(4)  
C9–Mn1–C2–C1 129.5(4)  
C10–Mn1–C2–C1 -39.0(4)  
C8–Mn1–C2–C1 -137.1(3)  
C4–Mn1–C2–C1  80.4(3)  
C3–Mn1–C2–C1 120.1(4)  
C5–Mn1–C2–C1  37.0(3)  
C28–C27–C6–C1 -178.2(5)  
S2–C27–C6–C1 0.8(8)  
C28–C27–C6–S1 -2.3(8)  
S2–C27–C6–S1 176.8(3)  
C7–S1–C6–C1 -0.9(4)  
C7–S1–C6–C27 -177.6(4)  
C7–C2–C3–C4 -174.3(6)  
C1–C2–C3–C4 4.1(5)  
Mn1–C2–C3–C4  63.1(3)  
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C7–C2–C3–Mn1 122.6(7)  
C1–C2–C3–Mn1 -59.0(3)  
C9–Mn1–C3–C4 70.9(3)  
C10–Mn1–C3–C4 -65.5(7)  
C8–Mn1–C3–C4 163.8(3)  
C5–Mn1–C3–C4 -36.8(3)  
C1–Mn1–C3–C4 -79.3(3)  
C2–Mn1–C3–C4 -115.1(4)  
C9–Mn1–C3–C2 -174.0(3)  
C10–Mn1–C3–C2 49.6(7)  
C8–Mn1–C3–C2 -81.1(3)  
C4–Mn1–C3–C2 115.1(4)  
C5–Mn1–C3–C2 78.3(3)  
C1–Mn1–C3–C2 35.8(3)  
C1–C5–C4–C3 4.9(6)  
Mn1–C5–C4–C3 -61.2(3)  
C1–C5–C4–Mn1 66.1(3)  
C2–C3–C4–C5 -5.6(6)  
Mn1–C3–C4–C5 61.7(3)  
C2–C3–C4–Mn1 -67.3(3)  
C9–Mn1–C4–C5 127.3(3)  
C10–Mn1–C4–C5 34.5(4)  
C8–Mn1–C4–C5 -142.8(4)  
C3–Mn1–C4–C5 -119.2(5)  
C1–Mn1–C4–C5 -38.7(3)  
C2–Mn1–C4–C5 -80.7(3)  
C9–Mn1–C4–C3 -113.5(3)  
C10–Mn1–C4–C3 153.7(3)  
C8–Mn1–C4–C3 -23.6(5)  
C5–Mn1–C4–C3 119.2(5)  
C1–Mn1–C4–C3 80.5(3)  
C2–Mn1–C4–C3 38.5(3)  
C9–Mn1–C10–O5 -113(15)  
C8–Mn1–C10–O5 156(15)  
C4–Mn1–C10–O5 -22(15)  
C3–Mn1–C10–O5 25(16)  
C5–Mn1–C10–O5 -1(15)  
C1–Mn1–C10–O5 37(15)  
C2–Mn1–C10–O5 60(15)  
C33–C32–C31–C7 -178.5(5)  
C33–C32–C31–S3 0.1(5)  
C34–S3–C31–C32 -0.3(4)  
C34–S3–C31–C7 178.5(4)  
C31–C32–C33–C34 0.2(7)  
C27–S2–C30–C29 -0.5(4)  
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C27–S2–C30–C35 175.8(5)  
C6–C27–C28–C29 178.6(5)  
S2–C27–C28–C29 -0.6(6)  
C3–C2–C7–C31 2.5(11)  
C1–C2–C7–C31 -175.7(5)  
Mn1–C2–C7–C31 100.9(6)  
C3–C2–C7–S1 179.1(6)  
C1–C2–C7–S1 0.8(6)  
Mn1–C2–C7–S1 -82.5(5)  
C32–C31–C7–C2 171.6(5)  
S3–C31–C7–C2 -6.9(8)  
C32–C31–C7–S1 -4.6(8)  
S3–C31–C7–S1 177.0(3)  
C6–S1–C7–C2 0.0(4)  
C6–S1–C7–C31 176.9(4)  
C9–Mn1–C8–O3 -124(65)  
C10–Mn1–C8–O3 -31(65)  
C4–Mn1–C8–O3 147(100)  
C3–Mn1–C8–O3 132(65)  
C5–Mn1–C8–O3 82(65)  
C1–Mn1–C8–O3 67(65)  
C2–Mn1–C8–O3 95(65)  
C10–Mn1–C9–O4 177(100)  
C8–Mn1–C9–O4 -87(11)  
C4–Mn1–C9–O4 49(11)  
C3–Mn1–C9–O4 13(11)  
C5–Mn1–C9–O4 82(11)  
C1–Mn1–C9–O4 75(11)  
C2–Mn1–C9–O4 7(11)  
C35–C30–C29–C28 -175.7(5)  
S2–C30–C29–C28 0.3(6)  
C27–C28–C29–C30 0.2(7)  
C27–C6–C1–C2 177.7(5)  
S1–C6–C1–C2 1.4(5)  
C27–C6–C1–C5 -1.1(10)  
S1–C6–C1–C5 -177.4(5)  
C27–C6–C1–Mn1 -98.0(6)  
S1–C6–C1–Mn1 85.7(5)  
C7–C2–C1–C6 -1.5(6)  
C3–C2–C1–C6 179.7(4)  
Mn1–C2–C1–C6 123.8(4)  
C7–C2–C1–C5 177.7(4)  
C3–C2–C1–C5 -1.1(5)  
Mn1–C2–C1–C5 -57.0(3)  
C7–C2–C1–Mn1 -125.3(4)  
  
 
328
C3–C2–C1–Mn1 55.9(3)  
C4–C5–C1–C6 176.6(6)  
Mn1–C5–C1–C6 -121.0(7)  
C4–C5–C1–C2 -2.2(6)  
Mn1–C5–C1–C2 60.2(3)  
C4–C5–C1–Mn1 -62.4(3)  
C9–Mn1–C1–C6 145.4(5)  
C10–Mn1–C1–C6 43.1(5)  
C8–Mn1–C1–C6 -55.3(5)  
C4–Mn1–C1–C6 173.9(5)  
C3–Mn1–C1–C6 -142.2(5)  
C5–Mn1–C1–C6 134.8(6)  
C2–Mn1–C1–C6 -105.8(6)  
C9–Mn1–C1–C2 -108.8(5)  
C10–Mn1–C1–C2 148.9(3)  
C8–Mn1–C1–C2 50.6(4)  
C4–Mn1–C1–C2 -80.3(3)  
C3–Mn1–C1–C2 -36.4(3)  
C5–Mn1–C1–C2 -119.4(4)  
C9–Mn1–C1–C5 10.6(6)  
C10–Mn1–C1–C5 -91.7(3)  
C8–Mn1–C1–C5 169.9(3)  
C4–Mn1–C1–C5 39.1(3)  
C3–Mn1–C1–C5 83.0(3)  
C2–Mn1–C1–C5 119.4(4)  
C32–C33–C34–C36 178.8(5)  
C32–C33–C34–S3 -0.4(6)  
C31–S3–C34–C33 0.4(4)  
C31–S3–C34–C36 -178.8(4)  
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Table A.6.1.  Positional Parameters and Equivalent U Values for the Refined 
Atoms of [Mn(CO)3{η5-SC7H3-1,3-(tBu)2}] (13d). 
 
 
Atom x y z U(eq)  
Mn1 -15(1) 3415(1) 1386(1) 21(1)  
S1 -3315(1) 1619(1) 143(1) 22(1)  
O3 -2350(4) 5091(2) 1013(1) 31(1)  
O4 2369(5) 4524(3) 2430(2) 54(1)  
O5 -3056(5) 2939(2) 2478(2) 40(1)  
C1 -97(5) 1988(2) 871(2) 22(1)  
C2 -277(5) 2676(2) 304(2) 21(1)  
C3 1476(6) 3284(2) 383(2) 24(1)  
C4 2747(5) 2929(3) 948(2) 26(1)  
C5 1750(5) 2184(3) 1291(2) 26(1)  
C6 -1699(5) 1344(3) 852(2) 22(1)  
C7 -2010(5) 2565(2) -146(2) 20(1)  
C8 -1469(5) 4428(3) 1141(2) 24(1)  
C9 1423(6) 4086(3) 2026(2) 34(1)  
C10 -1831(6) 3107(3) 2057(2) 28(1)  
C37 -1715(7) 689(3) 2099(2) 34(1)  
C38 -355(7) -231(3) 1079(2) 36(1)  
C39 -4108(7) 77(3) 1161(3) 40(1)  
C40 -2960(6) 4116(3) -608(2) 26(1)  
C41 -4727(6) 2738(3) -1125(2) 29(1)  
C42 -1041(6) 3016(3) -1384(2) 30(1)  
C43 -1972(6) 475(2) 1295(2) 25(1)  
C44 -2689(5) 3101(3) -809(2) 22(1)  
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Table A.6.2.  Anisotropic Displacement Parameters (U Values) Refined for the 
Non-Hydrogen Atoms of [Mn(CO)3{η5-SC7H3-1,3-(tBu)2}] (13d). 
 
 
Atom U11 U22 U33 U23 U13 U12  
Mn1 20(1) 29(1) 13(1) 0(1) -7(1) -2(1)  
S1 23(1) 27(1) 16(1) 1(1) -9(1) -1(1)  
O3 35(2) 33(2) 26(1) -1(1) -4(1) 6(1)  
O4 46(2) 79(3) 36(2) -20(2) -17(1) -14(2)  
O5 43(2) 41(2) 36(2) 5(1) 11(1) 2(1)  
C1 23(2) 30(2) 13(2) -1(1) -4(1) 4(1)  
C2 22(2) 30(2) 11(2) -3(1) -5(1) 3(1)  
C3 24(2) 28(2) 21(2) 1(1) -4(1) -1(1)  
C4 16(2) 38(2) 24(2) 1(2) -4(1) 1(1)  
C5 20(2) 35(2) 21(2) 3(2) -8(1) 5(1)  
C6 23(2) 27(2) 16(2) -2(1) -6(1) 3(1)  
C7 21(2) 26(2) 13(2) -3(1) -4(1) 2(1)  
C8 25(2) 34(2) 13(2) -4(1) -2(1) -4(2)  
C9 28(2) 48(2) 25(2) -3(2) -5(2) 0(2)  
C10 35(2) 28(2) 19(2) 2(2) -10(2) 6(2)  
C37 48(2) 32(2) 22(2) 2(2) -2(2) -2(2)  
C38 50(3) 30(2) 29(2) 5(2) 1(2) 8(2)  
C39 42(2) 37(2) 40(2) 13(2) -13(2) -11(2)  
C40 28(2) 29(2) 21(2) 2(1) -7(1) 2(2)  
C41 33(2) 36(2) 16(2) 4(2) -13(2) 0(2)  
C42 36(2) 36(2) 18(2) 5(2) 1(2) 8(2)  
C43 30(2) 27(2) 18(2) 3(1) -6(1) 1(2)  
C44 23(2) 30(2) 12(2) -1(1) -7(1) 0(1)  
 
 
 
 
 
The form of the anisotropic displacement expression is: 
-2π2[h2a*2U11 + ... + 2hka*b*U12] 
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Table A.6.3.  Positional Parameters and U Values for the Hydrogen Atoms of 
[Mn(CO)3{η5-SC7H3-1,3-(tBu)2}] (13d). 
 
 
Atom x y z U(eq)  
H3 1726 3820 106 29  
H4 4071 3156 1079 31  
H5 2212 1874 1717 31  
H37A -369 970 2193 51  
H37B -1819 119 2377 51  
H37C -2793 1116 2242 51  
H38A -550 -384 567 54  
H38B -500 -789 1370 54  
H38C 1018 29 1162 54  
H39A -5140 535 1288 60  
H39B -4273 -474 1459 60  
H39C -4285 -87 650 60  
H40A -4020 4171 -246 39  
H40B -3374 4467 -1040 39  
H40C -1661 4359 -411 39  
H41A -4554 2099 -1280 43  
H41B -5155 3116 -1540 43  
H41C -5775 2767 -757 43  
H42A 289 3209 -1177 45  
H42B -1409 3409 -1797 45  
H42C -954 2375 -1543 45  
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Table A.6.4.  Torsion Angles [°] for [Mn(CO)3{η5-SC7H3-1,3-(tBu)2}] (13d). 
 
 
C7–S1–C6–C1 -0.4(3)  
C7–S1–C6–C43 -174.3(3)  
C43–C6–C1–C5 -6.1(7)  
S1–C6–C1–C5 -179.4(4)  
C43–C6–C1–C2 173.4(3)  
S1–C6–C1–C2 0.1(4)  
C43–C6–C1–Mn1 -102.5(4)  
S1–C6–C1–Mn1 84.2(3)  
C9–Mn1–C1–C6 123.7(3)  
C10–Mn1–C1–C6 27.9(3)  
C8–Mn1–C1–C6 -66.5(4)  
C4–Mn1–C1–C6 174.3(4)  
C3–Mn1–C1–C6 -142.0(3)  
C5–Mn1–C1–C6 134.2(4)  
C2–Mn1–C1–C6 -105.3(4)  
C9–Mn1–C1–C5 -10.4(3)  
C10–Mn1–C1–C5 -106.2(2)  
C8–Mn1–C1–C5 159.3(2)  
C4–Mn1–C1–C5 40.1(2)  
C3–Mn1–C1–C5 83.8(2)  
C2–Mn1–C1–C5 120.5(3)  
C9–Mn1–C1–C2 -131.0(3)  
C10–Mn1–C1–C2 133.3(2)  
C8–Mn1–C1–C2 38.8(3)  
C4–Mn1–C1–C2 -80.4(2)  
C3–Mn1–C1–C2 -36.7(2)  
C5–Mn1–C1–C2 -120.5(3)  
C6–C1–C5–C4 174.9(4)  
C2–C1–C5–C4 -4.6(4)  
Mn1–C1–C5–C4 -63.4(3)  
C6–C1–C5–Mn1 -121.6(5)  
C2–C1–C5–Mn1 58.9(2)  
C9–Mn1–C5–C4 -72.4(2)  
C10–Mn1–C5–C4 -166.7(2)  
C8–Mn1–C5–C4 58.2(5)  
C3–Mn1–C5–C4 36.6(2)  
C2–Mn1–C5–C4 78.9(2)  
C1–Mn1–C5–C4 114.2(3)  
C9–Mn1–C5–C1 173.3(2)  
C10–Mn1–C5–C1 79.0(2)  
C8–Mn1–C5–C1 -56.0(5)  
C4–Mn1–C5–C1 -114.2(3)  
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C3–Mn1–C5–C1 -77.7(2)  
C2–Mn1–C5–C1 -35.38(19)  
C1–C5–C4–C3 7.3(4)  
Mn1–C5–C4–C3 -60.7(3)  
C1–C5–C4–Mn1 68.0(2)  
C9–Mn1–C4–C3 -127.9(2)  
C10–Mn1–C4–C3 140.3(3)  
C8–Mn1–C4–C3 -39.0(3)  
C5–Mn1–C4–C3 119.9(3)  
C2–Mn1–C4–C3 39.1(2)  
C1–Mn1–C4–C3 80.9(2)  
C9–Mn1–C4–C5 112.2(2)  
C10–Mn1–C4–C5 20.4(3)  
C8–Mn1–C4–C5 -159.0(2)  
C3–Mn1–C4–C5 -119.9(3)  
C2–Mn1–C4–C5 -80.8(2)  
C1–Mn1–C4–C5 -39.0(2)  
C5–C4–C3–C2 -7.1(4)  
Mn1–C4–C3–C2 -68.0(2)  
C5–C4–C3–Mn1 60.9(3)  
C9–Mn1–C3–C4 58.8(3)  
C10–Mn1–C3–C4 -103.2(4)  
C8–Mn1–C3–C4 150.3(2)  
C5–Mn1–C3–C4 -36.7(2)  
C2–Mn1–C3–C4 -114.4(3)  
C1–Mn1–C3–C4 -78.7(2)  
C9–Mn1–C3–C2 173.2(2)  
C10–Mn1–C3–C2 11.2(5)  
C8–Mn1–C3–C2 -95.3(2)  
C4–Mn1–C3–C2 114.4(3)  
C5–Mn1–C3–C2 77.7(2)  
C1–Mn1–C3–C2 35.64(19)  
C4–C3–C2–C7 -175.4(4)  
Mn1–C3–C2–C7 120.9(5)  
C4–C3–C2–C1 4.1(4)  
Mn1–C3–C2–C1 -59.6(2)  
C4–C3–C2–Mn1 63.7(2)  
C6–C1–C2–C7 0.3(4)  
C5–C1–C2–C7 179.9(3)  
Mn1–C1–C2–C7 -124.7(3)  
C6–C1–C2–C3 -179.3(3)  
C5–C1–C2–C3 0.3(4)  
Mn1–C1–C2–C3 55.7(2)  
C6–C1–C2–Mn1 125.0(3)  
C5–C1–C2–Mn1 -55.4(2)  
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C9–Mn1–C2–C7 -146.8(4)  
C10–Mn1–C2–C7 51.2(4)  
C8–Mn1–C2–C7 -44.5(3)  
C4–Mn1–C2–C7 -173.9(4)  
C3–Mn1–C2–C7 -134.0(4)  
C5–Mn1–C2–C7 142.3(4)  
C1–Mn1–C2–C7 106.1(4)  
C9–Mn1–C2–C3 -12.8(4)  
C10–Mn1–C2–C3 -174.7(2)  
C8–Mn1–C2–C3 89.5(2)  
C4–Mn1–C2–C3 -39.9(2)  
C5–Mn1–C2–C3 -83.7(2)  
C1–Mn1–C2–C3 -119.9(3)  
C9–Mn1–C2–C1 107.1(4)  
C10–Mn1–C2–C1 -54.8(2)  
C8–Mn1–C2–C1 -150.6(2)  
C4–Mn1–C2–C1 80.0(2)  
C3–Mn1–C2–C1 119.9(3)  
C5–Mn1–C2–C1 36.2(2)  
C3–C2–C7–C44 2.6(7)  
C1–C2–C7–C44 -176.8(3)  
Mn1–C2–C7–C44 98.4(4)  
C3–C2–C7–S1 178.9(4)  
C1–C2–C7–S1 -0.6(4)  
Mn1–C2–C7–S1 -85.3(3)  
C6–S1–C7–C2 0.6(3)  
C6–S1–C7–C44 177.2(3)  
C1–C6–C43–C39 171.5(4)  
S1–C6–C43–C39 -16.1(4)  
C1–C6–C43–C37 52.0(5)  
S1–C6–C43–C37 -135.6(3)  
C1–C6–C43–C38 -68.1(5)  
S1–C6–C43–C38 104.3(3)  
C2–C7–C44–C41 -179.2(3)  
S1–C7–C44–C41 4.9(4)  
C2–C7–C44–C40 -59.1(5)  
S1–C7–C44–C40 125.1(3)  
C2–C7–C44–C42 60.6(5)  
S1–C7–C44–C42 -115.2(3)  
C10–Mn1–C9–O4 -170(100)  
C8–Mn1–C9–O4 -79(21)  
C4–Mn1–C9–O4 50(21)  
C3–Mn1–C9–O4 17(21)  
C5–Mn1–C9–O4 87(21)  
C2–Mn1–C9–O4 26(21)  
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C1–Mn1–C9–O4 93(21)  
C9–Mn1–C8–O3 -10(6)  
C10–Mn1–C8–O3 81(6)  
C4–Mn1–C8–O3 -99(6)  
C3–Mn1–C8–O3 -123(6)  
C5–Mn1–C8–O3 -143(6)  
C2–Mn1–C8–O3 -161(6)  
C1–Mn1–C8–O3 176(100)  
C9–Mn1–C10–O5 98(7)  
C8–Mn1–C10–O5 9(7)  
C4–Mn1–C10–O5 -170(7)  
C3–Mn1–C10–O5 -98(7)  
C5–Mn1–C10–O5 -157(7)  
C2–Mn1–C10–O5 -91(7)  
C1–Mn1–C10–O5 -120(7)  
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Table A.7.1.  Positional Parameters and Equivalent U Values for the Refined 
Atoms of of [Mn(CO)3{η5-SC7H3-1,3-(PhCH)2}] (16d). 
 
Atom x y z U(eq)  
Mn1 1317(1) 5832(1) 4761(1) 15(1)  
S1 345(1) 7102(1) 3570(1) 17(1)  
O1 1906(1) 9613(3) 5221(1) 23(1)  
O2 1331(1) 3521(3) 5661(1) 30(1)  
O3  52(1) 7671(3) 4880(1) 28(1)  
C1 990(1) 4410(4) 4104(1) 16(1)  
C2 1403(1) 6152(4) 4012(1) 16(1)  
C3 2004(1) 5651(4) 4226(1) 18(1)  
C4 1951(1) 3606(5) 4442(1) 20(1)  
C5 1316(1) 2829(4) 4378(1) 17(1)  
C6 367(1) 4612(4) 3881(1) 16(1)  
C7 1144(1) 7805(4) 3699(1) 16(1)  
C8 1682(1) 8142(4) 5035(1) 18(1)  
C9 1318(1) 4449(4) 5312(1) 21(1)  
C10 547(1) 6962(4) 4841(1) 21(1)  
C11 -83(1) 3089(4) 3900(1) 17(1)  
C12 -709(1) 2965(4) 3675(1) 16(1)  
C13 -1086(1) 1199(5) 3788(1) 19(1)  
C14 -1691(1)  973(5) 3599(1) 23(1)  
C15 -1932(1) 2508(5) 3289(1) 23(1)  
C16 -1558(1) 4249(5) 3165(1) 21(1)  
C17 -955(1) 4481(4) 3354(1) 20(1)  
C18 1469(1) 9480(4) 3525(1) 16(1)  
C19 1292(1) 11133(4) 3181(1) 16(1)  
C20 690(1) 11354(4) 2976(1) 18(1)  
C21 560(1) 12953(5) 2649(1) 22(1)  
C22 1030(1) 14372(5) 2515(1) 23(1)  
C23 1630(1) 14171(5) 2717(1) 26(1)  
C24 1758(1) 12586(5) 3044(1) 22(1)  
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Table A.7.2.  Anisotropic Displacement Parameters (U Values) Refined for the 
Non-Hydrogen Atoms of [Mn(CO)3{η5-SC7H3-1,3-(PhCH)2}] (16d). 
 
Atom U11 U22 U33 U23 U13 U12  
Mn1 15(1) 17(1) 13(1) 0(1) -3(1) 0(1)  
S1 15(1) 18(1) 18(1) 3(1) -6(1) -1(1)  
O1 23(1) 20(1) 26(1) -3(1) -4(1) -3(1)  
O2 49(1) 22(1) 19(1) 6(1) 5(1) 6(1)  
O3 19(1) 29(1) 37(1) -5(1) 0(1) 2(1)  
C1 16(1) 18(1) 14(1) -3(1) -2(1) -2(1)  
C2 16(1) 18(1) 13(1) -1(1) -1(1) -1(1)  
C3 14(1) 25(2) 14(1) 0(1) -3(1) 1(1)  
C4 15(1) 26(2) 17(1) -1(1) -3(1) 7(1)  
C5 21(1) 14(1) 17(1) 0(1) -4(1) 0(1)  
C6 17(1) 18(1) 13(1) -2(1) -5(1) 3(1)  
C7 17(1) 19(1) 12(1) -1(1) -3(1) 2(1)  
C8 18(1) 20(1) 15(1) 5(1) -1(1) 2(1)  
C9 21(1) 16(1) 26(2) -7(1) 1(1) 0(1)  
C10 26(2) 19(1) 19(1) -2(1) -3(1) -7(1)  
C11 19(1) 18(1) 13(1) -1(1) -4(1) 1(1)  
C12 16(1) 17(1) 15(1) -3(1) -1(1) -1(1)  
C13 18(1) 22(1) 18(1) 3(1) -1(1) 0(1)  
C14 17(1) 28(2) 25(1) 1(1) -1(1) -4(1)  
C15 15(1) 31(2) 23(1) -1(1) -1(1) -2(1)  
C16 19(1) 25(2) 18(1) 2(1) -3(1) 1(1)  
C17 19(1) 20(1) 19(1) -1(1) -3(1) -5(1)  
C18 14(1) 20(1) 14(1) -1(1) -3(1) 0(1)  
C19 21(1) 15(1) 13(1) -1(1) -2(1) -1(1)  
C20 18(1) 18(1) 18(1) -1(1) -2(1) -2(1)  
C21 23(1) 28(2) 16(1) 0(1) -4(1) 2(1)  
C22 32(2) 20(1) 18(1) 5(1) -2(1) 2(1)  
C23 28(2) 25(2) 23(1) 4(1) -2(1) -9(1)  
C24 19(1) 24(1) 21(1) 3(1) -3(1) -4(1)  
 
 
The form of the anisotropic displacement expression is: 
-2π2[h2a*2U11 + ... + 2hka*b*U12]  
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Table A.7.3.  Positional Parameters and U Values for the Hydrogen Atoms of 
Mn(CO)3{η5-SC7H3-1,3-(PhCH)2}] (16d). 
 
 
Atom x  y z U(eq)  
H3 2371 6533 4222 21  
H4 2283 2861 4605 24  
H5 1148 1516 4496 21  
H11 24 1882 4094 20  
H13 -925 128 3998 23  
H14 -1941 -237 3683 28  
H15 -2349 2369 3162 27  
H16 -1719 5293 2948 25  
H17 -704 5681 3265 24  
H18 1888 9606 3647 20  
H20 365 10389 3063 21  
H21 147 13083 2514 26  
H22 942 15466 2288 28  
H23 1955 15135 2628 31  
H24 2171 12475 3180 26  
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Table A.7.4.  Torsion Angles [°] for [Mn(CO)3{η5-SC7H3-1,3-(PhCH)2}] (16d). 
 
 
C7–S1–C6–C11 -174.1(2)  
C7–S1–C6–C1 3.01(19)  
C11–C6–C1–C2 176.1(2)  
S1–C6–C1–C2 -1.1(3)  
C11–C6–C1–C5 0.3(5)  
S1–C6–C1–C5 -176.9(3)  
C11–C6–C1–Mn1 -100.0(3)  
S1–C6–C1–Mn1 82.7(2)  
C8–Mn1–C1–C2 16.8(3)  
C9–Mn1–C1–C2 -158.19(16)  
C10–Mn1–C1–C2 108.59(16)  
C4–Mn1–C1–C2 -80.56(16)  
C3–Mn1–C1–C2 -37.78(15)  
C5–Mn1–C1–C2 -119.8(2)  
C8–Mn1–C1–C5 136.6(2)  
C9–Mn1–C1–C5 -38.4(2)  
C10–Mn1–C1–C5 -131.65(17)  
C4–Mn1–C1–C5 39.20(15)  
C3–Mn1–C1–C5 81.98(16)  
C2–Mn1–C1–C5 119.8(2)  
C8–Mn1–C1–C6 -89.8(3)  
C9–Mn1–C1–C6 95.3(3)  
C10–Mn1–C1–C6 2.0(2)  
C4–Mn1–C1–C6 172.9(3)  
C3–Mn1–C1–C6 -144.3(3)  
C5–Mn1–C1–C6 133.7(3)  
C2–Mn1–C1–C6 -106.6(3)  
C2–C1–C5–C4 -1.8(3)  
C6–C1–C5–C4 174.1(3)  
Mn1–C1–C5–C4 -62.01(17)  
C2–C1–C5–Mn1 60.24(18)  
C6–C1–C5–Mn1 -123.9(3)  
C8–Mn1–C5–C1 -115.6(3)  
C9–Mn1–C5–C1 149.05(16)  
C10–Mn1–C5–C1 55.07(18)  
C4–Mn1–C5–C1 -115.8(2)  
C3–Mn1–C5–C1 -79.24(16)  
C2–Mn1–C5–C1 -36.34(15)  
C8–Mn1–C5–C4 0.2(3)  
C9–Mn1–C5–C4 -95.16(16)  
C10–Mn1–C5–C4 170.86(16)  
C3–Mn1–C5–C4 36.55(15)  
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C2–Mn1–C5–C4 79.45(16)  
C1–Mn1–C5–C4 115.8(2)  
C1–C5–C4–C3 2.0(3)  
Mn1–C5–C4–C3 -60.94(18)  
C1–C5–C4–Mn1 62.92(17)  
C8–Mn1–C4–C3 -60.67(17)  
C9–Mn1–C4–C3 -153.32(16)  
C10–Mn1–C4–C3 101.0(3)  
C5–Mn1–C4–C3 119.3(2)  
C2–Mn1–C4–C3 38.28(15)  
C1–Mn1–C4–C3 80.85(16)  
C8–Mn1–C4–C5 -179.92(15)  
C9–Mn1–C4–C5 87.43(16)  
C10–Mn1–C4–C5 -18.3(3)  
C3–Mn1–C4–C5 -119.3(2)  
C2–Mn1–C4–C5 -80.97(16)  
C1–Mn1–C4–C5 -38.40(14)  
C5–C4–C3–C2 -1.4(3)  
Mn1–C4–C3–C2 -62.11(17)  
C5–C4–C3–Mn1 60.66(18)  
C8–Mn1–C3–C4 127.81(16)  
C9–Mn1–C3–C4 34.8(2)  
C10–Mn1–C3–C4 -136.69(18)  
C5–Mn1–C3–C4 -37.28(15)  
C2–Mn1–C3–C4 -117.0(2)  
C1–Mn1–C3–C4 -79.79(16)  
C8–Mn1–C3–C2 -115.21(17)  
C9–Mn1–C3–C2 151.76(17)  
C10–Mn1–C3–C2 -19.7(2)  
C4–Mn1–C3–C2 117.0(2)  
C5–Mn1–C3–C2 79.69(16)  
C1–Mn1–C3–C2 37.19(15)  
C5–C1–C2–C3 0.9(3)  
C6–C1–C2–C3 -176.0(2)  
Mn1–C1–C2–C3 60.71(17)  
C5–C1–C2–C7 174.9(2)  
C6–C1–C2–C7 -2.0(3)  
Mn1–C1–C2–C7 -125.3(2)  
C5–C1–C2–Mn1 -59.79(18)  
C6–C1–C2–Mn1 123.3(2)  
C4–C3–C2–C1 0.3(3)  
Mn1–C3–C2–C1 -61.35(18)  
C4–C3–C2–C7 -171.7(3)  
Mn1–C3–C2–C7 126.6(3)  
C4–C3–C2–Mn1 61.68(18)  
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C8–Mn1–C2–C1 -170.06(15)  
C9–Mn1–C2–C1 50.1(3)  
C10–Mn1–C2–C1 -75.14(17)  
C4–Mn1–C2–C1 80.11(16)  
C3–Mn1–C2–C1 118.0(2)  
C5–Mn1–C2–C1 36.54(15)  
C8–Mn1–C2–C3 71.94(18)  
C9–Mn1–C2–C3 -67.9(3)  
C10–Mn1–C2–C3 166.85(16)  
C4–Mn1–C2–C3 -37.89(16)  
C5–Mn1–C2–C3 -81.46(16)  
C1–Mn1–C2–C3 -118.0(2)  
C8–Mn1–C2–C7 -63.0(3)  
C9–Mn1–C2–C7 157.1(3)  
C10–Mn1–C2–C7 31.9(3)  
C4–Mn1–C2–C7 -172.9(3)  
C3–Mn1–C2–C7 -135.0(3)  
C5–Mn1–C2–C7 143.6(3)  
C1–Mn1–C2–C7 107.0(3)  
C1–C2–C7–C18 -172.7(2)  
C3–C2–C7–C18 -1.1(5)  
Mn1–C2–C7–C18 102.1(3)  
C1–C2–C7–S1 4.1(3)  
C3–C2–C7–S1 175.7(3)  
Mn1–C2–C7–S1 -81.1(2)  
C6–S1–C7–C18 172.7(2)  
C6–S1–C7–C2 -4.01(19)  
C1–C6–C11–C12 -175.5(2)  
S1–C6–C11–C12 1.2(4)  
C6–C11–C12–C13 -176.4(3)  
C6–C11–C12–C17 4.0(4)  
C13–C12–C17–C16 1.6(4)  
C11–C12–C17–C16 -178.9(2)  
C12–C17–C16–C15 -0.1(4)  
C17–C16–C15–C14 -1.1(4)  
C16–C15–C14–C13 0.9(4)  
C15–C14–C13–C12 0.6(4)  
C17–C12–C13–C14 -1.8(4)  
C11–C12–C13–C14 178.6(2)  
C2–C7–C18–C19 174.0(3)  
S1–C7–C18–C19 -2.2(4)  
C7–C18–C19–C20 4.2(5)  
C7–C18–C19–C24 -175.2(3)  
C20–C19–C24–C23 -0.4(4)  
C18–C19–C24–C23 179.0(3)  
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C19–C24–C23–C22 0.3(4)  
C24–C23–C22–C21 0.1(4)  
C23–C22–C21–C20 -0.4(4)  
C22–C21–C20–C19 0.4(4)  
C24–C19–C20–C21 0.1(4)  
C18–C19–C20–C21 -179.3(3)  
C9–Mn1–C8–O1 -35(8)  
C10–Mn1–C8–O1 58(8)  
C4–Mn1–C8–O1 -131(8)  
C3–Mn1–C8–O1 -163(8)  
C5–Mn1–C8–O1 -131(7)  
C2–Mn1–C8–O1 160(8)  
C1–Mn1–C8–O1 149(7)  
C8–Mn1–C9–O2 -109(8)  
C10–Mn1–C9–O2 160(8)  
C4–Mn1–C9–O2 6(8)  
C3–Mn1–C9–O2 -14(8)  
C5–Mn1–C9–O2 45(8)  
C2–Mn1–C9–O2 33(8)  
C1–Mn1–C9–O2 68(8)  
C8–Mn1–C10–O3 133(8)  
C9–Mn1–C10–O3 -137(8)  
C4–Mn1–C10–O3 -31(8)  
C3–Mn1–C10–O3 36(8)  
C5–Mn1–C10–O3 -43(8)  
C2–Mn1–C10–O3 24(8)  
C1–Mn1–C10–O3 -13(8)  
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Table A.8.1.  Positional Parameters and Equivalent U Values for the Refined 
Atoms of [Mn(CO)3{η5-SC7H3-1,3-(4-BrC6H4CH)2}] (20d).   
 
Atom x y z U(eq)  
Mn1 -5995(1) 7353(1) 2710(1) 15(1)  
S1 -4438(1) 5425(1) 2321(1) 20(1)  
O2 -7073(3) 8769(1) 3007(2) 30(1)  
O1 -2037(3) 7735(1) 2774(2) 28(1)  
O3 -6624(4) 7337(1) 781(2) 35(1)  
Br1 -8362(1) 2835(1) -538(1) 34(1)  
Br2 4341(1) 3936(1) 3907(1) 22(1)  
C1 -6943(4) 6308(1) 2741(2) 16(1)  
C2 -5410(4) 6399(1) 3368(2) 16(1)  
C3 -5884(4) 6902(1) 3987(2) 17(1)  
C4 -7739(4) 7107(1) 3728(2) 20(1)  
C5 -8392(4) 6757(1) 2952(2) 18(1)  
C6 -6724(4) 5753(1) 2132(2) 19(1)  
C7 -3857(4) 5935(1) 3267(2) 16(1)  
C8 -3578(4) 7586(1) 2730(2) 20(1)  
C9 -6648(4) 8220(2) 2856(2) 22(1)  
C10 -6355(4) 7364(2) 1533(2) 24(1)  
C11 -8104(4) 5476(2) 1611(2) 20(1)  
C12 -8092(4) 4857(2) 1083(2) 20(1)  
C13 -9778(4) 4517(2) 889(2) 22(1)  
C14 -9862(4) 3920(2) 419(2) 24(1)  
C15 -8256(5) 3657(2) 121(2) 25(1)  
C16 -6556(5) 3980(2) 280(2) 29(1)  
C17 -6490(5) 4579(2) 761(2) 27(1)  
C18 -2299(4) 5895(1) 3804(2) 17(1)  
C19 -746(4) 5419(1) 3794(2) 16(1)  
C20 -803(4) 4817(2) 3309(2) 19(1)  
C21 699(4) 4377(2) 3338(2) 21(1)  
C22 2283(4) 4542(2) 3857(2) 18(1)  
C23 2395(4) 5129(2) 4350(2) 18(1)  
C24 883(4) 5561(1) 4325(2) 16(1)  
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Table A.8.2.  Anisotropic Displacement Parameters (U Values) Refined for the 
Non-Hydrogen Atoms of [Mn(CO)3{η5-SC7H3-1,3-(4-BrC6H4CH)2}] (20d).   
 
Atom U11 U22 U33 U23 U13 U12  
Mn1 15(1) 13(1) 17(1) 4(1) 3(1) 2(1)  
S1 20(1) 19(1) 19(1) -3(1) -2(1) 5(1)  
O1 17(1) 29(1) 37(1) 2(1) 2(1) 1(1)  
O2 35(1) 17(1) 40(1) 7(1) 14(1) 9(1)  
O3 33(1) 50(2) 21(1) 7(1) -2(1) -12(1)  
Br1 30(1) 33(1) 39(1) -17(1) 0(1) 0(1)  
Br2 21(1) 23(1) 23(1) 1(1) 1(1) 9(1)  
C1 17(1) 14(1) 19(1) 6(1) 4(1) -2(1)  
C2 21(1) 13(1) 15(1) 5(1) 2(1) 1(1)  
C3 22(2) 14(1) 16(1) 2(1) 4(1) 1(1)  
C4 25(2) 16(1) 21(2) 5(1) 10(1) 2(1)  
C5 15(1) 17(1) 22(2) 7(1) 5(1) 2(1)  
C6 20(1) 16(1) 19(1) 5(1) 1(1) 2(1)  
C7 23(2) 11(1) 15(1) 3(1) 3(1) 2(1)  
C8 24(2) 15(1) 20(2) 3(1) 3(1) 6(1)  
C9 20(2) 24(2) 24(2) 8(1) 7(1) 1(1)  
C10 19(2) 26(2) 25(2) 7(1) 2(1) -3(1)  
C11 20(2) 20(1) 20(2) 4(1) 2(1) 1(1)  
C12 23(2) 20(2) 17(1) 3(1) 0(1) -1(1)  
C13 21(2) 22(2) 22(2) 3(1) 3(1) 2(1)  
C14 23(2) 24(2) 23(2) 2(1) 1(1) -2(1)  
C15 30(2) 25(2) 19(2) -2(1) -1(1) 0(1)  
C16 23(2) 38(2) 27(2) -10(1) 2(1) 1(1)  
C17 23(2) 33(2) 24(2) -5(1) 1(1) -5(1)  
C18 20(1) 13(1) 16(1) 1(1) 3(1) 1(1)  
C19 18(1) 15(1) 14(1) 5(1) 3(1) 2(1)  
C20 18(1) 19(1) 21(1) -1(1) -2(1) 2(1)  
C21 26(2) 18(1) 20(2) -2(1) 1(1) 4(1)  
C22 20(1) 19(1) 17(1) 5(1) 4(1) 3(1)  
C23 16(1) 21(1) 17(1) 5(1) 1(1) 0(1)  
C24 19(1) 14(1) 16(1) 3(1) 3(1) -2(1)  
 
 
 
The form of the anisotropic displacement expression is: 
-2π2[h2a*2U11 + ... + 2hka*b*U12] 
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Table A.8.3.  Positional Parameters and U Values for the Hydrogen Atoms of 
[Mn(CO)3{η5-SC7H3-1,3-(4-BrC6H4CH)2}] (20d). 
 
 
Atom x y z U(eq)  
H3 -5116 7067 4474 21  
H4 -8436 7430 4030 24  
H5 -9568 6812 2635 22  
H11 -9251 5716 1582 24  
H13 -10891 4702 1087 26  
H14 -11017 3692 302 28  
H16 -5459 3796 65 35  
H17 -5331 4805 874 32  
H18 -2190 6226 4258 20  
H20 -1897 4707 2951 23  
H21 638 3968 3006 26  
H23 3500 5236 4703 22  
H24 947 5962 4673 20  
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Table A.8.4.  Torsion Angles [°] for [Mn(CO)3{η5-SC7H3-1,3-(4-BrC6H4CH)2}] (20d). 
 
 
C21–C22–C23–C24 0.2(4)  
Br2–C22–C23–C24 -178.7(2)  
C22–C23–C24–C19 -1.2(4)  
C23–C24–C19–C20 1.5(4)  
C23–C24–C19–C18 179.5(3)  
C24–C19–C20–C21 -0.7(4)  
C18–C19–C20–C21 -178.7(3)  
C23–C22–C21–C20 0.6(4)  
Br2–C22–C21–C20 179.5(2)  
C19–C20–C21–C22 -0.3(4)  
C20–C19–C18–C7 -14.0(5)  
C24–C19–C18–C7 168.1(3)  
C19–C18–C7–C2 175.0(3)  
C19–C18–C7–S1 -3.5(5)  
C18–C7–C2–C1 -176.1(3)  
S1–C7–C2–C1 2.6(3)  
C18–C7–C2–C3 -2.4(5)  
S1–C7–C2–C3 176.3(3)  
C18–C7–C2–Mn1 98.8(3)  
S1–C7–C2–Mn1 -82.5(3)  
C1–C2–C3–C4 0.7(3)  
C7–C2–C3–C4 -173.3(3)  
Mn1–C2–C3–C4 61.74(19)  
C1–C2–C3–Mn1 -61.05(19)  
C7–C2–C3–Mn1 125.0(3)  
C2–C3–C4–C5 -1.7(3)  
Mn1–C3–C4–C5 61.0(2)  
C2–C3–C4–Mn1 -62.71(19)  
C3–C4–C5–C1 2.1(3)  
Mn1–C4–C5–C1 62.82(19)  
C3–C4–C5–Mn1 -60.7(2)  
C3–C2–C1–C5 0.6(3)  
C7–C2–C1–C5 176.1(2)  
Mn1–C2–C1–C5 -59.42(19)  
C3–C2–C1–C6 -173.2(2)  
C7–C2–C1–C6 2.3(3)  
Mn1–C2–C1–C6 126.8(2)  
C3–C2–C1–Mn1 60.01(19)  
C7–C2–C1–Mn1 -124.5(2)  
C4–C5–C1–C2 -1.6(3)  
Mn1–C5–C1–C2 59.86(19)  
C4–C5–C1–C6 170.1(3)  
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Mn1–C5–C1–C6 -128.5(3)  
C4–C5–C1–Mn1 -61.49(19)  
C2–C1–C6–C11 165.0(3)  
C5–C1–C6–C11 -6.3(5)  
Mn1–C1–C6–C11 -110.7(3)  
C2–C1–C6–S1 -6.0(3)  
C5–C1–C6–S1 -177.4(3)  
Mn1–C1–C6–S1 78.3(3)  
C1–C6–C11–C12 -169.5(3)  
S1–C6–C11–C12 0.0(5)  
C6–C11–C12–C17 -25.6(5)  
C6–C11–C12–C13 154.0(3)  
C13–C12–C17–C16 -1.2(5)  
C11–C12–C17–C16 178.4(3)  
C12–C17–C16–C15 0.0(5)  
C17–C16–C15–C14 0.7(5)  
C17–C16–C15–Br1 180.0(3)  
C16–C15–C14–C13 -0.3(5)  
Br1–C15–C14–C13 -179.5(2)  
C15–C14–C13–C12 -1.0(5)  
C17–C12–C13–C14 1.7(4)  
C11–C12–C13–C14 -177.9(3)  
C11–C6–S1–C7 -164.5(3)  
C1–C6–S1–C7 6.4(2)  
C18–C7–S1–C6 173.5(3)  
C2–C7–S1–C6 -5.2(2)  
O2–C9–Mn1–C10 167(4)  
O2–C9–Mn1–C8 -98(4)  
O2–C9–Mn1–C4 34(4)  
O2–C9–Mn1–C3 0(4)  
O2–C9–Mn1–C5 69(4)  
O2–C9–Mn1–C2 -1(4)  
O2–C9–Mn1–C1 69(4)  
O3–C10–Mn1–C9 -141(5)  
O3–C10–Mn1–C8 128(5)  
O3–C10–Mn1–C4 -50(5)  
O3–C10–Mn1–C3 10(5)  
O3–C10–Mn1–C5 -34(5)  
O3–C10–Mn1–C2 31(5)  
O3–C10–Mn1–C1 4(5)  
O1–C8–Mn1–C9 80(6)  
O1–C8–Mn1–C10 176(100)  
O1–C8–Mn1–C4 -7(6)  
O1–C8–Mn1–C3 -26(6)  
O1–C8–Mn1–C5 -62(6)  
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O1–C8–Mn1–C2 -65(6)  
O1–C8–Mn1–C1 -91(6)  
C5–C4–Mn1–C9 120.27(19)  
C3–C4–Mn1–C9 -119.92(19)  
C5–C4–Mn1–C10 25.5(2)  
C3–C4–Mn1–C10 145.3(2)  
C5–C4–Mn1–C8 -150.82(18)  
C3–C4–Mn1–C8 -31.0(2)  
C5–C4–Mn1–C3 -119.8(2)  
C3–C4–Mn1–C5 119.8(2)  
C5–C4–Mn1–C2 -81.04(18)  
C3–C4–Mn1–C2 38.77(16)  
C5–C4–Mn1–C1 -38.40(16)  
C3–C4–Mn1–C1 81.41(18)  
C4–C3–Mn1–C9 64.3(2)  
C2–C3–Mn1–C9 -179.89(18)  
C4–C3–Mn1–C10 -85.1(3)  
C2–C3–Mn1–C10 30.7(4)  
C4–C3–Mn1–C8 157.35(18)  
C2–C3–Mn1–C8 -86.84(18)  
C2–C3–Mn1–C4 115.8(2)  
C4–C3–Mn1–C5 -36.59(17)  
C2–C3–Mn1–C5 79.22(18)  
C4–C3–Mn1–C2 -115.8(2)  
C4–C3–Mn1–C1 -79.11(18)  
C2–C3–Mn1–C1 36.70(16)  
C4–C5–Mn1–C9 -63.9(2)  
C1–C5–Mn1–C9 179.85(18)  
C4–C5–Mn1–C10 -161.52(18)  
C1–C5–Mn1–C10 82.27(19)  
C4–C5–Mn1–C8 76.9(4)  
C1–C5–Mn1–C8 -39.3(4)  
C1–C5–Mn1–C4 -116.2(2)  
C4–C5–Mn1–C3 36.80(17)  
C1–C5–Mn1–C3 -79.41(17)  
C4–C5–Mn1–C2 79.69(18)  
C1–C5–Mn1–C2 -36.52(16)  
C4–C5–Mn1–C1 116.2(2)  
C1–C2–Mn1–C9 119.2(2)  
C3–C2–Mn1–C9 0.2(3)  
C7–C2–Mn1–C9 -133.9(3)  
C1–C2–Mn1–C10 -46.9(2)  
C3–C2–Mn1–C10 -165.92(18)  
C7–C2–Mn1–C10 60.0(3)  
C1–C2–Mn1–C8 -144.26(18)  
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C3–C2–Mn1–C8 96.76(19)  
C7–C2–Mn1–C8 -37.3(3)  
C1–C2–Mn1–C4 79.98(18)  
C3–C2–Mn1–C4 -39.00(17)  
C7–C2–Mn1–C4 -173.0(3)  
C1–C2–Mn1–C3 119.0(2)  
C7–C2–Mn1–C3 -134.0(3)  
C1–C2–Mn1–C5 36.79(17)  
C3–C2–Mn1–C5 -82.19(18)  
C7–C2–Mn1–C5 143.8(3)  
C3–C2–Mn1–C1 -119.0(2)  
C7–C2–Mn1–C1 107.0(3)  
C2–C1–Mn1–C9 -119.7(2)  
C5–C1–Mn1–C9 -0.2(3)  
C6–C1–Mn1–C9 134.8(3)  
C2–C1–Mn1–C10 140.23(19)  
C5–C1–Mn1–C10 -100.28(19)  
C6–C1–Mn1–C10 34.7(3)  
C2–C1–Mn1–C8 44.2(2)  
C5–C1–Mn1–C8 163.65(18)  
C6–C1–Mn1–C8 -61.3(3)  
C2–C1–Mn1–C4 -80.76(18)  
C5–C1–Mn1–C4 38.73(17)  
C6–C1–Mn1–C4 173.8(3)  
C2–C1–Mn1–C3 -37.28(16)  
C5–C1–Mn1–C3 82.21(18)  
C6–C1–Mn1–C3 -142.8(3)  
C2–C1–Mn1–C5 -119.5(2)  
C6–C1–Mn1–C5 135.0(3)  
C5–C1–Mn1–C2 119.5(2)  
C6–C1–Mn1–C2 -105.5(3)  
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Table A.9.1.  Positional Parameters and Equivalent U Values for the Refined 
Atoms of 1,2-C5H3(CPhOH)(COPh) (1a). 
 
 
Atom x y z U(eq)  
O1 8721(3) 838(1) -1796(3) 45(1)  
O6 6075(3) 482(1) 128(3) 54(1)  
C1 8456(4) 1477(1) 436(4) 22(1)  
C2 6969(4) 1280(1) 1487(4) 22(1)  
C3 6592(4) 1674(1) 2650(4) 27(1)  
C4 7728(4) 2095(1) 2381(4) 27(1)  
C5 8875(4) 1972(1) 1065(4) 25(1)  
C6 9261(4) 1267(1) -1032(4) 25(1)  
C7 10791(4) 1540(1) -1848(4) 22(1)  
C8 12467(4) 1683(1) -837(4) 24(1)  
C9 13888(4) 1919(1) -1642(4) 25(1)  
C10 13650(4) 2021(1) -3445(4) 28(1)  
C11 11977(4) 1881(1) -4468(4) 27(1)  
C12 10566(4) 1635(1) -3674(4) 26(1)  
C13 5948(4) 818(1) 1361(4) 27(1)  
C14 4563(4) 701(1) 2640(4) 25(1)  
C15 2733(4) 560(1) 1976(4) 29(1)  
C16 1400(4) 448(1) 3125(5) 39(1)  
C17 1914(5) 465(1) 4942(5) 50(1)  
C18 3742(5) 599(1) 5625(4) 45(1)  
C19 5065(5) 717(1) 4481(4) 34(1)  
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Table A.9.2.  Anisotropic Displacement Parameters (U Values) Refined for the 
Non-Hydrogen Atoms of 1,2-C5H3(CPhOH)(COPh) (1a). 
 
 
Atom U11 U22 U33 U23 U13 U12 
O1 59(2) 55(2) 49(2) -10(1) 16(1) -23(1) 
O6 47(2) 40(2) 50(2) -5(1) 11(1) -9(1) 
C1 22(2) 22(2) 23(2) -2(1) 4(1) 2(1) 
C2 21(2) 21(2) 25(2) -2(1) 1(1) -1(1) 
C3 25(2) 28(2) 27(2) 1(2) 4(2) 0(2) 
C4 28(2) 24(2) 28(2) -2(2) 2(2) 4(2) 
C5 21(2) 25(2) 29(2)  2(2) -1(1) -1(1) 
C6 24(2) 18(2) 30(2)  0(2) -4(1) -1(1) 
C7 19(2) 22(2) 27(2) 0(1) 6(1) 0(1) 
C8 25(2) 24(2) 22(2) 1(1) 4(2) 1(1) 
C9 21(2) 25(2) 28(2) -3(2) 2(1) -1(1) 
C10 25(2) 24(2) 35(2) 4(2) 9(2) -2(2) 
C11 31(2) 26(2) 25(2) 3(2) 6(2) 1(2) 
C12 23(2) 21(2) 34(2) -4(2) 2(2) 2(1) 
C13 28(2) 25(2) 28(2) -7(2) 1(2) 1(2) 
C14 26(2) 22(2) 27(2) 2(1) 8(2) -1(1) 
C15 30(2) 21(2) 37(2) 4(2) 8(2) -2(2) 
C16 33(2) 28(2) 58(3) -4(2) 18(2) -6(2) 
C17 64(3) 32(2) 62(3) -7(2) 43(2) -17(2) 
C18 74(3) 30(2) 33(2) 3(2) 17(2) -8(2) 
C19 43(2) 26(2) 34(2) 2(2) 5(2) -1(2) 
 
 
The form of the anisotropic displacement expression is: 
-2π2[h2a*2U11 + ... + 2hka*b*U12] 
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Table A.9.3.  Positional Parameters and U Values for the Hydrogen Atoms of 1,2-
C5H3(CPhOH)(COPh) (1a). 
 
 
Atom x y z U(eq) 
H1 7562 596 -876 67 
H3 5696 1658 3494 32 
H4 7720 2410 2994 32 
H5 9801 2190 654 30 
H8 12636 1619 412 28 
H9 15038 2012 -945 29 
H10 14627 2186 -3990 33 
H11 11803 1954 -5711 33 
H12 9438 1531 -4381 31 
H15 2392 541 721 35 
H16 141 359 2664 46 
H17 1007 385 5734 60 
H18 4084 609 6880 54 
H19 6319 809 4949 41 
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Table A.9.4.  Torsion Angles [°] for 1,2-C5H3(CPhOH)(COPh) (1a). 
 
 
C6–C1–C2–C3 -173.5(3) 
C5–C1–C2–C13 176.1(3) 
C6–C1–C2–C13 1.9(5) 
C13–C2–C3–C4 -175.6(3) 
C1–C2–C3–C4 0.2(3) 
C2–C3–C4–C5 -1.1(3) 
C3–C4–C5–C1 1.5(3) 
C6–C1–C5–C4 173.4(3) 
C2–C1–C5–C4 -1.4(3) 
C5–C1–C6–O6 -170.6(3) 
C2–C1–C6–O6 2.8(5) 
C5–C1–C6–C7 7.8(4) 
C2–C1–C6–C7 -178.8(3) 
O6–C6–C7–C8 -125.2(3) 
C1–C6–C7–C8 56.3(4) 
O6–C6–C7–C12 52.3(4) 
C1–C6–C7–C12 -126.3(3) 
C12–C7–C8–C9 0.2(4) 
C6–C7–C8–C9 177.7(3) 
C7–C8–C9–C10 0.9(4) 
C8–C9–C10–C11 -0.6(4) 
C9–C10–C11–C12 -0.7(4) 
C10–C11–C12–C7 1.8(4) 
C8–C7–C12–C11 -1.6(4) 
C6–C7–C12–C11 -179.1(3) 
C3–C2–C13–O1 169.3(3) 
C1–C2–C13–O1 -5.3(5) 
C3–C2–C13–C14 -7.8(4) 
C1–C2–C13–C14 177.5(3) 
O1–C13–C14–C15 -49.7(4) 
C2–C13–C14–C15 127.6(3) 
O1–C13–C14–C19 128.6(3) 
C2–C13–C14–C19 -54.0(4) 
C19–C14–C15–C16 1.6(4) 
C13–C14–C15–C16 180.0(3) 
C14–C15–C16–C17 -1.5(4) 
C15–C16–C17–C18 0.6(5) 
C16–C17–C18–C19 0.2(5) 
C17–C18–C19–C14 -0.1(5) 
C15–C14–C19–C18 -0.8(4) 
C13–C14–C19–C18 -179.1(3) 
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Table A.9.5.  Hydrogen bonds [Å and °] for 1,2-C5H3(CPhOH)(COPh) (1a). 
 
 
D–H...A d(D–H) d(H...A) d(D...A) <(DHA)  
O1–H...O2 1.30 1.40 2.668(3) 162.7  
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Table A.10.1.  Positional Parameters and Equivalent U Values for the Refined 
Atoms of 1,2-C5H3(CPhNHMe)(COPh) (24a). 
 
 
Atom x y z U(eq)  
O1 9218(2) 3072(1) 6582(1) 32(1)  
N1 11985(2) 2511(2) 7471(1) 25(1)  
C1 11614(3) 727(2) 6778(1) 22(1)  
C2 9998(3) 1023(2) 6309(1) 22(1)  
C3 9743(3) 28(2) 5865(1) 24(1)  
C4 11085(3) -858(2) 6032(1) 26(1)  
C5 12214(3) -439(2) 6587(1) 25(1)  
C6 12543(3) 1414(2) 7310(1) 22(1)  
C7 14255(3) 934(2) 7697(1) 22(1)  
C8 14218(3) -68(2) 8130(1) 26(1)  
C9 15834(3) -467(2) 8489(1) 27(1)  
C10 17486(3) 121(2) 8426(1) 30(1)  
C11 17527(3) 1112(2) 7993(1) 30(1)  
C12 15925(3) 1513(2) 7634(1) 26(1)  
C13 8887(3) 2102(2) 6246(1) 24(1)  
C14 7188(3) 2140(2) 5756(1) 23(1)  
C15 6953(3) 3097(2) 5293(1) 29(1)  
C16 5343(3) 3202(2) 4869(1) 32(1)  
C17 3918(3) 2385(2) 4913(1) 32(1)  
C18 4132(3) 1440(2) 5379(1) 29(1)  
C19 5762(3) 1310(2) 5787(1) 25(1)  
C20 12753(3) 3282(2) 8024(1) 28(1)  
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Table A.10.2.  Anisotropic Displacement Parameters (U Values) Refined for the 
Non-Hydrogen Atoms of 1,2-C5H3(CPhNHMe)(COPh) (24a). 
 
 
Atom U11 U22 U33 U23 U13 U12  
O1 34(1) 23(1) 37(1) -6(1) -3(1) 0(1)  
N1 28(1) 22(1) 24(1) -2(1) 1(1) 0(1)  
C1 25(1) 21(1) 20(1) -1(1) 5(1) -2(1)  
C2 23(1) 23(1) 20(1) -1(1) 6(1) -2(1)  
C3 26(1) 28(1) 18(1) 1(1) 2(1) -3(1)  
C4 32(1) 20(1) 25(1) -4(1) 4(1) -1(1)  
C5 28(1) 23(1) 25(1) 2(1) 4(1) 1(1)  
C6 25(1) 20(1) 21(1) 2(1) 9(1) -1(1)  
C7 28(1) 20(1) 17(1) -5(1) 4(1) 1(1)  
C8 32(1) 23(1) 23(1) -4(1) 6(1) -1(1)  
C9 38(1) 22(1) 21(1) 1(1) 3(1) 2(1)  
C10 34(1) 30(1) 24(1) -6(1) -3(1) 9(1)  
C11 29(1) 30(1) 30(1) -5(1) 5(1) -2(1)  
C12 32(1) 21(1) 24(1) -3(1) 5(1) 0(1)  
C13 29(1) 25(1) 21(1) 0(1) 9(1) -5(1)  
C14 25(1) 23(1) 22(1) -3(1) 5(1) 3(1)  
C15 35(1) 25(1) 28(1) 3(1) 6(1) -2(1)  
C16 42(2) 31(1) 23(1) 7(1) 3(1) 2(1)  
C17 33(1) 39(2) 22(1) -2(1) -1(1) 5(1)  
C18 29(1) 31(1) 26(1) -3(1) 3(1) -4(1)  
C19 30(1) 24(1) 22(1) 1(1) 4(1) 1(1)  
C20 32(1) 27(1) 26(1) -7(1) 4(1) -1(1)  
 
 
The form of the anisotropic displacement expression is: 
-2π2[h2a*2U11 + ... + 2hka*b*U12] 
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Table A.10.3.  Positional Parameters and U Values for the Hydrogen Atoms of 1,2-
C5H3(CPhNHMe)(COPh) (24a). 
 
 
Atom x y z U(eq)  
H1 11061 2808 7220 30  
H3 8815 -30 5510 29  
H4 11205 -1600 5812 31  
H5 13216 -864 6800 30  
H8 13110 -465 8177 31  
H9 15808 -1137 8775 32  
H10 18564 -146 8672 36  
H11 18637 1506 7946 36  
H12 15962 2180 7346 31  
H15 7890 3669 5269 35  
H16 5219 3828 4552 38  
H17 2824 2466 4633 38  
H18 3170 893 5416 34  
H19 5906 658 6087 30  
H20A 13417 2780 8362 43  
H20B 11772 3700 8214 43  
H20C 13575 3873 7862 43  
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Table A.10.4.  Torsion Angles [°] for 1,2-C5H3(CPhNHMe)(COPh) (24a). 
 
 
C13–C2–C3–C4 176.97(18)  
C1–C2–C3–C4 0.4(2)  
C2–C3–C4–C5 0.0(2)  
C3–C4–C5–C1 -0.4(2)  
C4–C5–C1–C6 -177.10(18)  
C4–C5–C1–C2 0.6(2)  
C3–C2–C1–C6 176.8(2)  
C13–C2–C1–C6 0.6(4)  
C3–C2–C1–C5 -0.6(2)  
C13–C2–C1–C5 -176.8(2)  
C20–N1–C6–C1 176.51(19)  
C20–N1–C6–C7 -5.8(3)  
C5–C1–C6–N1 178.39(19)  
C2–C1–C6–N1 1.4(3)  
C5–C1–C6–C7 0.8(3)  
C2–C1–C6–C7 -176.2(2)  
C3–C2–C13–O1 -170.63(19)  
C1–C2–C13–O1 5.1(4)  
C3–C2–C13–C14 9.5(3)  
C1–C2–C13–C14 -174.7(2)  
N1–C6–C7–C12 -66.0(3)  
C1–C6–C7–C12 111.7(2)  
N1–C6–C7–C8 112.7(2)  
C1–C6–C7–C8 -69.6(3)  
C8–C7–C12–C11 -0.1(3)  
C6–C7–C12–C11 178.66(19)  
C7–C12–C11–C10 -0.2(3)  
C12–C11–C10–C9 0.6(3)  
C11–C10–C9–C8 -0.7(3)  
C10–C9–C8–C7 0.4(3)  
C12–C7–C8–C9 0.0(3)  
C6–C7–C8–C9 -178.73(19)  
O1–C13–C14–C19 -121.4(2)  
C2–C13–C14–C19 58.4(3)  
O1–C13–C14–C15 52.8(3)  
C2–C13–C14–C15 -127.4(2)  
C19–C14–C15–C16 -0.9(3)  
C13–C14–C15–C16 -175.3(2)  
C14–C15–C16–C17 2.2(3)  
C15–C16–C17–C18 -1.2(3)  
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C16–C17–C18–C19 -0.9(3)  
C17–C18–C19–C14 2.2(3)  
C15–C14–C19–C18 -1.3(3)  
C13–C14–C19–C18 173.0(2)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
360
 
 
Table A.10.5.  Hydrogen bonds [Å and °] for 1,2-C5H3(CPhNHMe)(COPh) (24a). 
 
 
D–H...A d(D–H) d(H...A) d(D...A) <(DHA)  
N1–H1...O1 0.86 1.78 2.619(2) 165.2  
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Table A.11.1.  Positional Parameters and Equivalent U Values for the Refined 
Atoms of 1,2-C5H3(CPhNH2)(COPh) (24b). 
 
 
Atom x y z U(eq)  
N1 3770(30) 5786(7) 3260(30) 30(2)  
N2 1140(50) 5464(9) 5010(40) 41(1)  
O1 1010(40) 5502(7) 5190(30) 41(1)  
O2 3660(30) 5883(5) 3140(20) 30(2)  
C1 3430(4) 6474(1) 5409(4) 24(1)  
C2 1953(4) 6280(1) 6458(4) 25(1)  
C3 1565(4) 6676(1) 7631(4) 27(1)  
C4 2706(4) 7093(1) 7365(4) 28(1)  
C5 3854(4) 6972(1) 6040(4) 25(1)  
C6 4231(4) 6262(1) 3938(4) 27(1)  
C7 5768(4) 6541(1) 3134(4) 24(1)  
C8 7452(4) 6682(1) 4150(4) 25(1)  
C9 8879(4) 6918(1) 3336(4) 27(1)  
C10 8629(4) 7022(1) 1518(4) 29(1)  
C11 6957(4) 6885(1) 511(4) 30(1)  
C12 5540(4) 6641(1) 1303(4) 28(1)  
C13 940(4) 5817(1) 6324(4) 28(1)  
C14 -453(4) 5700(1) 7627(4) 29(1)  
C15 -2282(4) 5561(1) 6962(4) 34(1)  
C16 -3606(5) 5446(1) 8133(5) 45(1)  
C17 -3083(6) 5464(1) 9952(6) 57(1)  
C18 -1265(6) 5598(1) 10623(5) 50(1)  
C19 53(5) 5717(1) 9459(4) 36(1)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
362
 
 
Table A.11.2.  Anisotropic Displacement Parameters (U Values) Refined for the 
Non-Hydrogen Atoms of 1,2-C5H3(CPhNH2)(COPh) (24b). 
 
 
Atom U11 U22 U33 U23 U13 U12  
N1 38(2) 13(5) 40(2) -5(3) 9(2) -4(4)  
N2 48(4) 45(3) 36(4) -23(2) 27(2) -24(3)  
O1 48(4) 45(3) 36(4) -23(2) 27(2) -24(3)  
O2 38(2) 13(5) 40(2) -5(3) 9(2) -4(4)  
C1 22(2) 25(1) 26(2) 0(1) 4(1) 0(1)  
C2 19(2) 27(2) 28(2) 2(1) 2(1) 0(1)  
C3 25(2) 31(2) 24(2) -1(1) 5(1) 1(1)  
C4 29(2) 25(2) 28(2) -4(1) 1(1) 4(1)  
C5 21(1) 26(2) 29(2) 1(1) 1(1) -3(1)  
C6 25(2) 26(2) 29(2) 1(1) 2(1) -2(1)  
C7 24(2) 22(1) 28(2) 0(1) 7(1) 0(1)  
C8 27(2) 26(2) 23(2) 1(1) 5(1) 1(1)  
C9 21(2) 26(2) 34(2) -2(1) 3(1) -2(1)  
C10 27(2) 27(2) 34(2) 5(1) 11(1) -1(1)  
C11 38(2) 28(2) 26(2) 2(1) 7(1) 1(1)  
C12 25(2) 25(2) 34(2) -2(1) -2(1) 1(1)  
C13 26(2) 33(2) 25(2) -1(1) 5(1) -4(1)  
C14 32(2) 23(1) 32(2) 1(1) 8(1) 1(1)  
C15 34(2) 27(2) 41(2) 4(1) 9(2) -1(1)  
C16 38(2) 31(2) 71(3) -4(2) 25(2) -6(2)  
C17 78(3) 38(2) 66(3) -9(2) 53(2) -20(2)  
C18 82(3) 36(2) 37(2) -1(2) 26(2) -5(2)  
C19 49(2) 30(2) 31(2) -1(1) 8(2) -1(2)  
 
 
The form of the anisotropic displacement expression is: 
-2π2[h2a*2U11 + ... + 2hka*b*U12] 
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Table A.11.3.  Positional Parameters and U Values for the Hydrogen Atoms of 1,2-
C5H3(CPhNH2)(COPh) (24b). 
 
 
Atom x y z U(eq)  
H1A 2997 5755 2263 36  
H1B 4243 5514 3815 36  
H2A 195 5256 4660 50  
H2B 2200 5446 4510 50  
H3 663 6660 8473 32  
H4 2702 7407 7983 33  
H5 4778 7190 5625 30  
H8 7620 6617 5399 30  
H9 10032 7008 4026 33  
H10 9602 7187 966 34  
H11 6781 6958 -732 36  
H12 4406 6542 598 34  
H15 -2629 5543 5708 40  
H16 -4865 5357 7682 55  
H17 -3985 5383 10751 69  
H18 -916 5608 11878 60  
H19 1304 5811 9918 43  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table A.11.4.  Torsion Angles [°] for 1,2-C5H3(CPhNH2)(COPh) (24b). 
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C3–C2–C13–O1 168(2)  
C1–C2–C13–O1 -6(2)  
C3–C2–C13–N2 170(2)  
C1–C2–C13–N2 -4(2)  
C3–C2–C13–C14 -8.0(4)  
C1–C2–C13–C14 177.3(3)  
O1–C13–C14–C19 129.3(19)  
N2–C13–C14–C19 128(2)  
C2–C13–C14–C19 -53.9(4)  
O1–C13–C14–C15 -49(2)  
N2–C13–C14–C15 -51(2)  
C2–C13–C14–C15 127.5(3)  
C15–C14–C19–C18 -0.2(5)  
C13–C14–C19–C18 -178.8(3)  
C14–C19–C18–C17 -0.4(5)  
C19–C18–C17–C16 0.2(5)  
C18–C17–C16–C15 0.5(5)  
C19–C14–C15–C16 0.9(4)  
C13–C14–C15–C16 179.6(3)  
C17–C16–C15–C14 -1.1(5)  
C13–C2–C3–C4 -175.9(3)  
C1–C2–C3–C4 -0.2(3)  
C2–C3–C4–C5 -0.6(3)  
C3–C4–C5–C1 1.2(3)  
C4–C5–C1–C6 173.7(3)  
C4–C5–C1–C2 -1.3(3)  
C3–C2–C1–C6 -173.5(3)  
C13–C2–C1–C6 1.8(5)  
C3–C2–C1–C5 0.9(3)  
C13–C2–C1–C5 176.2(3)  
C5–C1–C6–O2 -165.5(14)  
C2–C1–C6–O2 8.1(15)  
C5–C1–C6–N1 -177.0(17)  
C2–C1–C6–N1 -3.4(17)  
C5–C1–C6–C7 7.7(4)  
C2–C1–C6–C7 -178.7(3)  
O2–C6–C7–C12 48.0(13)  
N1–C6–C7–C12 58.6(16)  
C1–C6–C7–C12 -125.8(3)  
O2–C6–C7–C8 -129.1(13)  
N1–C6–C7–C8 -118.6(16)  
C1–C6–C7–C8 57.0(4)  
C12–C7–C8–C9 -0.4(4)  
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C6–C7–C8–C9 176.8(3)  
C7–C8–C9–C10 1.2(4)  
C8–C9–C10–C11 -0.8(4)  
C9–C10–C11–C12 -0.4(4)  
C10–C11–C12–C7 1.3(4)  
C8–C7–C12–C11 -0.9(4)  
C6–C7–C12–C11 -178.1(3)  
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Table A.12.1.  Positional Parameters and Equivalent U Values for the Refined 
Atoms of 1,2-C5H3(CPhNOMe)(COHPh) (24c). 
 
 
Atom x y z U(eq)  
O1 -2633(2) 2106(2) 10303(2) 29(1)  
O2 -1628(2) 3245(2) 7515(2) 31(1)  
N1 -1097(3) 2904(3) 8556(2) 27(1)  
C1 1079(4) 2399(3) 9603(3) 23(1)  
C2 288(4) 2116(3) 10712(2) 21(1)  
C3 1581(4) 1887(3) 11438(3) 27(1)  
C4 3063(4) 2064(3) 10878(3) 28(1)  
C5 2741(4) 2374(3) 9741(3) 27(1)  
C6 413(4) 2739(3) 8560(2) 23(1)  
C7 1472(3) 2931(3) 7525(2) 22(1)  
C8 1499(4) 1601(3) 6617(3) 26(1)  
C9 2371(3) 1775(4) 5599(3) 28(1)  
C10 3224(4) 3280(4) 5499(3) 29(1)  
C11 3216(4) 4594(4) 6418(3) 30(1)  
C12 2358(4) 4425(3) 7421(3) 26(1)  
C13 -1338(4) 2013(3) 11018(2) 22(1)  
C14 -1939(4) 1825(3) 12204(2) 21(1)  
C15 -3724(4) 798(3) 12149(3) 23(1)  
C16 -4380(4) 688(3) 13242(3) 27(1)  
C17 -3256(4) 1593(3) 14403(3) 28(1)  
C18 -1482(4) 2622(3) 14483(3) 25(1)  
C19 -826(4) 2740(3) 13387(3) 23(1)  
C21 -3068(4) 3738(4) 7768(3) 31(1)  
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Table A.12.2.  Anisotropic Displacement Parameters (U Values) Refined for the 
Non-Hydrogen Atoms of 1,2-C5H3(CPhNOMe)(COHPh) (24c). 
 
 
Atom U11 U22 U33 U23 U13 U12  
O1 26(1) 38(1) 23(1) 12(1) 4(1) 13(1)  
O2 29(1) 50(2) 30(1) 23(1) 11(1) 23(1)  
N1 26(1) 35(2) 21(1) 12(1) 5(1) 12(1)  
C1 20(2) 22(2) 23(2) 7(1) 2(1) 6(1)  
C2 21(2) 22(2) 18(2) 5(1) 4(1) 7(1)  
C3 31(2) 26(2) 25(2) 7(1) 5(1) 13(2)  
C4 24(2) 29(2) 31(2) 9(1) 1(1) 13(1)  
C5 23(2) 31(2) 33(2) 14(2) 13(1) 13(2)  
C6 23(2) 21(2) 21(2) 8(1) 3(1) 5(1)  
C7 18(2) 26(2) 20(2) 10(1) 2(1) 8(1)  
C8 26(2) 27(2) 26(2) 11(1) 3(1) 10(2)  
C9 25(2) 36(2) 25(2) 6(1) 5(1) 16(2)  
C10 21(2) 41(2) 26(2) 14(2) 8(1) 12(2)  
C11 26(2) 32(2) 39(2) 22(2) 12(2) 12(2)  
C12 26(2) 25(2) 30(2) 12(1) 8(1) 10(1)  
C13 22(2) 18(2) 19(2) 2(1) -3(1) 5(1)  
C14 25(2) 20(2) 20(2) 9(1) 3(1) 10(1)  
C15 23(2) 20(2) 24(2) 4(1) -2(1) 9(1)  
C16 23(2) 29(2) 31(2) 14(2) 12(1) 11(2)  
C17 35(2) 27(2) 23(2) 11(1) 13(2) 14(2)  
C18 28(2) 27(2) 18(2) 6(1) 4(1) 11(2)  
C19 22(2) 24(2) 25(2) 11(1) 5(1) 9(1)  
C21 26(2) 37(2) 32(2) 13(2) 3(1) 17(2)  
 
 
 
The form of the anisotropic displacement expression is: 
-2π2[h2a*2U11 + ... + 2hka*b*U12] 
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Table A.12.3.  Positional Parameters and U Values for the Hydrogen Atoms of 1,2-
C5H3(CPhNOMe)(COHPh) (24c). 
 
 
Atom x y z U(eq)  
H1 -2182 2512 9766 44  
H3 1433 1647 12195 32  
H4 4122 1995 11187 33  
H5 3558 2536 9170 33  
H8 923 572 6689 31  
H9 2380 864 4976 34  
H10 3809 3405 4804 35  
H11 3810 5629 6356 36  
H12 2375 5344 8049 31  
H15 -4500 167 11350 28  
H16 -5603 -10 13194 32  
H17 -3706 1509 15153 33  
H18 -715 3245 15285 30  
H19 392 3452 13443 28  
H21A -4134 2837 7817 46  
H21B -3374 4082 7086 46  
H21C -2678 4630 8572 46  
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Table A.12.4.  Torsion Angles [°] for 1,2-C5H3(CPhNOMe)(COHPh) (24c). 
 
O1–C13–C14–C15 41.7(3)  
C2–C13–C14–C15 -139.8(3)  
O1–C13–C14–C19 -132.7(3)  
C2–C13–C14–C19 45.8(4)  
C15–C14–C19–C18 0.4(4)  
C13–C14–C19–C18 174.9(3)  
C14–C19–C18–C17 -0.3(4)  
C19–C18–C17–C16 -0.2(4)  
C18–C17–C16–C15 0.6(4)  
C17–C16–C15–C14 -0.5(4)  
C19–C14–C15–C16 0.0(4)  
C13–C14–C15–C16 -174.7(2)  
O1–C13–C2–C3 -174.8(3)  
C14–C13–C2–C3 7.0(4)  
O1–C13–C2–C1 2.3(5)  
C14–C13–C2–C1 -175.9(3)  
C13–C2–C3–C4 179.8(3)  
C1–C2–C3–C4 2.1(3)  
C2–C3–C4–C5 -1.6(3)  
C3–C4–C5–C1 0.5(3)  
C4–C5–C1–C6 177.9(2)  
C4–C5–C1–C2 0.8(3)  
C13–C2–C1–C5 -179.2(3)  
C3–C2–C1–C5 -1.7(3)  
C13–C2–C1–C6 4.0(5)  
C3–C2–C1–C6 -178.5(3)  
C5–C1–C6–N1 -173.1(3)  
C2–C1–C6–N1 3.2(4)  
C5–C1–C6–C7 5.5(4)  
C2–C1–C6–C7 -178.2(3)  
N1–C6–C7–C12 70.2(3)  
C1–C6–C7–C12 -108.4(3)  
N1–C6–C7–C8 -106.4(3)  
C1–C6–C7–C8 75.0(3)  
C12–C7–C8–C9 -1.7(4)  
C6–C7–C8–C9 174.9(2)  
C7–C8–C9–C10 0.5(4)  
C8–C9–C10–C11 0.7(4)  
C9–C10–C11–C12 -0.6(4)  
C10–C11–C12–C7 -0.6(4)  
C8–C7–C12–C11 1.7(4)  
C6–C7–C12–C11 -174.9(2)  
C1–C6–N1–O2 179.4(2)  
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C7–C6–N1–O2 0.8(4)  
C21–O2–N1–C6 -167.5(2)  
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Table A.12.5.  Hydrogen bonds [Å and °] for 1,2-C5H3(CPhNOMe)(COHPh) (24c). 
 
 
D–H...A d(D–H) d(H...A) d(D...A) <(DHA)  
O1–H1...N1 0.84 1.72 2.534(3) 164.1  
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Table A.13.1.  Positional Parameters and Equivalent U Values for the Refined  
              ┌––––┐ 
Atoms of 1,2-C5H3(CPhN)(CPhO)  (25a).  
 
 
Atom x y z  U(eq)  
O1 4719(8) 3485(17) 2360(20) 23(2)  
N1 5251(10) 3420(20) 2260(30) 23(2)  
C2 4729(1) 406(3) 2577(4) 20(1)  
C3 4574(1) -1305(3) 2651(4) 24(1)  
C4 5000 -2334(5) 2500 26(1)  
C13 4483(1) 1981(3) 2591(4) 23(1)  
C14 3931(1) 2227(3) 2668(4) 22(1)  
C15 3780(1) 3523(3) 3871(4) 26(1)  
C16 3264(1) 3727(4) 3985(4) 31(1)  
C17 2894(1) 2671(4) 2883(4) 32(1)  
C18 3041(1) 1413(4) 1666(4) 29(1)  
C19 3557(1) 1196(3) 1561(4) 26(1)  
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Table A.13.2.  Anisotropic Displacement Parameters (U Values) Refined for the  
            ┌––––┐ 
Non-Hydrogen Atoms of 1,2-C5H3(CPhN)(CPhO)  (25a). 
 
 
Atom U11 U22 U33 U23 U13 U12  
O1 22(3) 23(2) 25(5) -3(3) 7(3) -2(3)  
N1 24(3) 24(3) 23(5) -4(3) 7(4) -1(3)  
C2 25(1) 19(1) 16(2) -1(1) 3(1) -1(1)  
C3 27(2) 26(2) 18(2) -1(1) 3(1) -5(1)  
C4 36(2) 22(2) 20(2) 0 2(2) 0  
C13 25(2) 25(2) 20(2) -2(1) 6(1) -4(1)  
C14 25(2) 20(1) 19(2) 3(1) 3(1) 1(1)  
C15 30(2) 24(2) 23(2) 2(1) 3(1) 1(1)  
C16 35(2) 34(2) 23(2) -1(1) 6(1) 12(1)  
C17 25(2) 40(2) 30(2) 7(2) 7(1) 5(1)  
C18 29(2) 33(2) 25(2) 3(1) 4(1) -3(1)  
C19 27(2) 26(2) 24(2) 3(1) 5(1) 2(1)  
 
 
 
 
The form of the anisotropic displacement expression is: 
-2π2[h2a*2U11 + ... + 2hka*b*U12] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
374
Table A.13.3.  Positional Parameters and U Values for the Hydrogen Atoms of    
┌––––┐ 
1,2-C5H3(CPhN)(CPhO)  (25a). 
 
 
Atom x y z U(eq)  
H3 4240 -1696 2780 28  
H4 5000 -3551 2500 32  
H15 4032 4260 4607 31  
H16 3162 4592 4819 37  
H17 2540 2812 2964 38  
H18 2788 697 901 35  
H19 3656 331 720 31  
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                    ┌––––┐ 
 Table A.13.4.  Torsion Angles [°] for 1,2-C5H3(CPhN)(CPhO)  (25a).  
 
 
C13–O1–N1–C13 -0.8(8)  
C13–C2–C3–C4 177.6(3)  
C2–C2–C3–C4 -1.3(3)  
C2–C3–C4–C3 0.53(13)  
N1–O1–C13–N1 78(9)  
N1–O1–C13–C2 -5.2(7)  
N1–O1–C13–C14 -179.9(3)  
C3–C2–C13–N1 172.0(10)  
C2–C2–C13–N1 -9.2(10)  
C3–C2–C13–O1 -175.1(8)  
C2–C2–C13–O1 3.7(8)  
C3–C2–C13–C14 -1.1(5)  
C2–C2–C13–C14 177.8(3)  
N1–C13–C14–C19 145.4(9)  
O1–C13–C14–C19 133.5(7)  
C2–C13–C14–C19 -41.1(4)  
N1–C13–C14–C15 -34.4(9)  
O1–C13–C14–C15 -46.3(7)  
C2–C13–C14–C15 139.1(3)  
C15–C14–C19–C18 -1.3(4)  
C13–C14–C19–C18 178.8(2)  
C14–C19–C18–C17 0.1(4)  
C19–C18–C17–C16 0.6(4)  
C18–C17–C16–C15 -0.1(4)  
C17–C16–C15–C14 -1.1(4)  
C19–C14–C15–C16 1.8(4)  
C13–C14–C15–C16 -178.3(2)  
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Table A.14.1.  Positional Parameters and Equivalent U Values for the Refined 
Atoms of [Mn(CO)3{η5-1,2-C5H3(CPhNOMe)(COPh)}] (28a).   
 
 
Atom x y z U(eq)  
Mn1 2571(1) 924(1) 1701(1) 18(1)  
O1 5514(2) 320(1) 3653(1) 26(1)  
O2 2406(2) 1261(1) 4350(1) 23(1)  
O3 1251(2) 19(1) 3322(1) 31(1)  
O4 2779(3) -228(1) 273(2) 43(1)  
O5 -897(2) 1270(1) 1100(2) 40(1)  
N1 2141(2) 1946(1) 4258(1) 22(1)  
C1 3514(3) 1796(1) 2532(2) 17(1)  
C2 4691(3) 1252(1) 2626(2) 19(1)  
C3 5200(3) 1082(1) 1594(2) 22(1)  
C4 4354(3) 1507(1) 858(2) 23(1)  
C5 3323(3) 1941(1) 1427(2) 21(1)  
C6 2690(3) 2176(1) 3377(2) 19(1)  
C7 2464(3) 2910(1) 3243(2) 19(1)  
C8 3719(3) 3297(1) 2804(2) 24(1)  
C9 3547(3) 3988(1) 2740(2) 29(1)  
C10 2105(3) 4291(1) 3094(2) 30(1)  
C11 843(3) 3907(1) 3518(2) 31(1)  
C12 1021(3) 3220(1) 3599(2) 25(1)  
C13 5443(3) 926(1) 3596(2) 19(1)  
C14 6200(3) 1364(1) 4425(2) 20(1)  
C15 6547(3) 1088(1) 5422(2) 24(1)  
C16 7296(3) 1477(1) 6207(2) 27(1)  
C17 7688(3) 2139(1) 6011(2) 28(1)  
C18 7342(3) 2415(1) 5023(2) 25(1)  
C19 6608(3) 2027(1) 4230(2) 23(1)  
C21 1545(4) 1015(1) 5257(2) 33(1)  
C22 1794(3) 381(1) 2721(2) 23(1)  
C23 2670(3) 227(1) 824(2) 28(1)  
C24 463(3) 1130(1) 1326(2) 26(1)  
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Table A.14.2.  Anisotropic Displacement Parameters (U Values) Refined for the 
Non-Hydrogen Atoms of [Mn(CO)3{η5-1,2-C5H3(CPhNOMe)(COPh)}] (28a). 
 
 
Atom U11 U22 U33 U23 U13 U12  
Mn1 17(1) 18(1) 18(1) 0(1) 0(1) -1(1)  
O1 30(1) 19(1) 30(1) -1(1) -4(1) 3(1)  
O2 26(1) 20(1) 22(1) 2(1) 5(1) 0(1)  
O3 38(1) 30(1) 26(1) 7(1) -2(1) -13(1)  
O4 58(1) 32(1) 39(1) -13(1) 17(1) -10(1)  
O5 22(1) 37(1) 59(1) 14(1) -10(1) -1(1)  
N1 20(1) 19(1) 26(1) 0(1) 0(1) 1(1)  
C1 16(1) 15(1) 20(1) 1(1) 2(1) -3(1)  
C2 16(1) 17(1) 24(1) -2(1) 1(1) -2(1)  
C3 17(1) 23(1) 27(1) -2(1) 4(1) -2(1)  
C4 23(1) 25(1) 21(1) -1(1) 5(1) -6(1)  
C5 22(1) 18(1) 23(1) 1(1) 1(1) -3(1)  
C6 15(1) 20(1) 21(1) -2(1) 2(1) -1(1)  
C7 22(1) 18(1) 15(1) -2(1) -1(1) 2(1)  
C8 26(1) 22(1) 24(1) 0(1) 2(1) 2(1)  
C9 34(1) 24(1) 28(1) 2(1) -2(1) -4(1)  
C10 45(2) 17(1) 27(1) -2(1) -6(1) 6(1)  
C11 35(1) 30(1) 29(1) -4(1) 1(1) 13(1)  
C12 23(1) 26(1) 26(1) -1(1) 2(1) 4(1)  
C13 16(1) 19(1) 22(1) 0(1) 2(1) 2(1)  
C14 13(1) 22(1) 24(1) -2(1) 2(1) 2(1)  
C15 22(1) 24(1) 26(1) 2(1) -1(1) 2(1)  
C16 25(1) 33(1) 22(1) -2(1) -1(1) 2(1)  
C17 21(1) 33(1) 29(1) -10(1) -1(1) -1(1)  
C18 18(1) 25(1) 31(1) -6(1) 3(1) -2(1)  
C19 17(1) 24(1) 26(1) 0(1) 0(1) 0(1)  
C21 45(2) 30(1) 25(1) 8(1) 10(1) -4(1)  
C22 22(1) 24(1) 22(1) -3(1) -5(1) -3(1)  
C23 31(1) 28(1) 26(1) 0(1) 6(1) -6(1)  
C24 27(1) 21(1) 29(1) 4(1) -1(1) -4(1)  
 
 
 
The form of the anisotropic displacement expression is: 
-2π2[h2a*2U11 + ... + 2hka*b*U12] 
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Table A.14.3.  Positional Parameters and U Values for the Hydrogen Atoms of 
[Mn(CO)3{η5-1,2-C5H3(CPhNOMe)(COPh)}] (28a). 
 
 
Atom x y z  U(eq)  
H3 5975 741 1423 27  
H4 4466 1499 113 27  
H5 2616 2276 1128 25  
H8 4698 3089 2546 29  
H9 4417 4251 2455 34  
H10 1980 4762 3046 36  
H11 -150 4115 3754 37  
H12 157 2960 3899 30  
H15 6272 636 5560 29  
H16 7541 1289 6882 32  
H17 8193 2405 6553 33  
H18 7608 2869 4889 30  
H19 6383 2215 3552 27  
H21A 1747 1316 5856 50  
H21B 1962 568 5437 50  
H21C 340 993 5095 50  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
379
Table A.14.4.  Torsion Angles [°] for [Mn(CO)3{η5-1,2-C5H3(CPhNOMe)(COPh)}] 
(28a). 
 
C21–O2–N1–C6 -171.07(19)  
C24–Mn1–C1–C5 -70.90(14)  
C23–Mn1–C1–C5 69.6(3)  
C22–Mn1–C1–C5 -164.55(13)  
C3–Mn1–C1–C5 79.71(14)  
C2–Mn1–C1–C5 117.48(18)  
C4–Mn1–C1–C5 36.69(13)  
C24–Mn1–C1–C2 171.62(13)  
C23–Mn1–C1–C2 -47.9(3)  
C22–Mn1–C1–C2 77.97(14)  
C3–Mn1–C1–C2 -37.76(13)  
C4–Mn1–C1–C2 -80.79(13)  
C5–Mn1–C1–C2 -117.48(18)  
C24–Mn1–C1–C6 47.6(2)  
C23–Mn1–C1–C6 -171.9(2)  
C22–Mn1–C1–C6 -46.0(2)  
C3–Mn1–C1–C6 -161.7(2)  
C2–Mn1–C1–C6 -124.0(2)  
C4–Mn1–C1–C6 155.2(2)  
C5–Mn1–C1–C6 118.5(2)  
C2–C1–C5–C4 -0.5(2)  
C6–C1–C5–C4 176.65(19)  
Mn1–C1–C5–C4 -60.62(15)  
C2–C1–C5–Mn1 60.16(14)  
C6–C1–C5–Mn1 -122.7(2)  
C24–Mn1–C5–C4 -126.92(15)  
C23–Mn1–C5–C4 -31.61(19)  
C22–Mn1–C5–C4 143.56(16)  
C3–Mn1–C5–C4 37.76(13)  
C2–Mn1–C5–C4 80.86(14)  
C1–Mn1–C5–C4 119.04(19)  
C24–Mn1–C5–C1 114.05(14)  
C23–Mn1–C5–C1 -150.65(14)  
C22–Mn1–C5–C1 24.5(2)  
C3–Mn1–C5–C1 -81.28(14)  
C2–Mn1–C5–C1 -38.18(12)  
C4–Mn1–C5–C1 -119.04(19)  
C1–C5–C4–C3 0.3(3)  
Mn1–C5–C4–C3 -60.68(15)  
C1–C5–C4–Mn1 60.94(15)  
C24–Mn1–C4–C5 59.53(16)  
C23–Mn1–C4–C5 155.71(14)  
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C22–Mn1–C4–C5 -104.2(3)  
C3–Mn1–C4–C5 -118.10(19)  
C2–Mn1–C4–C5 -80.59(14)  
C1–Mn1–C4–C5 -37.18(13)  
C24–Mn1–C4–C3 177.63(14)  
C23–Mn1–C4–C3 -86.19(15)  
C22–Mn1–C4–C3 13.9(3)  
C2–Mn1–C4–C3 37.51(13)  
C5–Mn1–C4–C3 118.10(19)  
C1–Mn1–C4–C3 80.92(14)  
C5–C4–C3–C2 0.0(3)  
Mn1–C4–C3–C2 -61.45(15)  
C5–C4–C3–Mn1 61.48(16)  
C24–Mn1–C3–C2 113.7(2)  
C23–Mn1–C3–C2 -146.04(15)  
C22–Mn1–C3–C2 -55.78(16)  
C4–Mn1–C3–C2 118.23(19)  
C5–Mn1–C3–C2 81.06(14)  
C1–Mn1–C3–C2 38.09(13)  
C24–Mn1–C3–C4 -4.5(3)  
C23–Mn1–C3–C4 95.73(15)  
C22–Mn1–C3–C4 -174.01(14)  
C2–Mn1–C3–C4 -118.23(19)  
C5–Mn1–C3–C4 -37.17(13)  
C1–Mn1–C3–C4 -80.14(14)  
C4–C3–C2–C1 -0.3(2)  
Mn1–C3–C2–C1 -61.90(15)  
C4–C3–C2–C13 -175.87(19)  
Mn1–C3–C2–C13 122.5(2)  
C4–C3–C2–Mn1 61.58(15)  
C5–C1–C2–C3 0.5(2)  
C6–C1–C2–C3 -176.5(2)  
Mn1–C1–C2–C3 61.15(15)  
C5–C1–C2–C13 175.6(2)  
C6–C1–C2–C13 -1.4(4)  
Mn1–C1–C2–C13 -123.8(2)  
C5–C1–C2–Mn1 -60.68(14)  
C6–C1–C2–Mn1 122.4(2)  
C24–Mn1–C2–C3 -131.25(18)  
C23–Mn1–C2–C3 41.36(17)  
C22–Mn1–C2–C3 133.70(15)  
C4–Mn1–C2–C3 -37.51(14)  
C5–Mn1–C2–C3 -79.83(14)  
C1–Mn1–C2–C3 -117.59(18)  
C24–Mn1–C2–C1 -13.7(2)  
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C23–Mn1–C2–C1 158.95(13)  
C22–Mn1–C2–C1 -108.71(13)  
C3–Mn1–C2–C1 117.59(18)  
C4–Mn1–C2–C1 80.08(13)  
C5–Mn1–C2–C1 37.76(12)  
C24–Mn1–C2–C13 113.0(2)  
C23–Mn1–C2–C13 -74.4(2)  
C22–Mn1–C2–C13 18.0(2)  
C3–Mn1–C2–C13 -115.7(2)  
C4–Mn1–C2–C13 -153.3(2)  
C5–Mn1–C2–C13 164.4(2)  
C1–Mn1–C2–C13 126.7(2)  
C3–C2–C13–O1 -50.8(3)  
C1–C2–C13–O1 134.7(2)  
Mn1–C2–C13–O1 37.9(3)  
C3–C2–C13–C14 124.5(2)  
C1–C2–C13–C14 -50.0(3)  
Mn1–C2–C13–C14 -146.85(17)  
O1–C13–C14–C19 158.9(2)  
C2–C13–C14–C19 -16.3(3)  
O1–C13–C14–C15 -19.3(3)  
C2–C13–C14–C15 165.5(2)  
C19–C14–C15–C16 0.0(3)  
C13–C14–C15–C16 178.3(2)  
C14–C15–C16–C17 0.5(3)  
C15–C16–C17–C18 -0.4(4)  
C16–C17–C18–C19 -0.2(3)  
C15–C14–C19–C18 -0.6(3)  
C13–C14–C19–C18 -178.8(2)  
C17–C18–C19–C14 0.7(3)  
O2–N1–C6–C1 -0.1(3)  
O2–N1–C6–C7 -179.06(16)  
C5–C1–C6–N1 145.6(2)  
C2–C1–C6–N1 -37.9(4)  
Mn1–C1–C6–N1 55.1(3)  
C5–C1–C6–C7 -35.5(3)  
C2–C1–C6–C7 141.0(2)  
Mn1–C1–C6–C7 -125.96(18)  
N1–C6–C7–C12 -37.8(3)  
C1–C6–C7–C12 143.2(2)  
N1–C6–C7–C8 139.4(2)  
C1–C6–C7–C8 -39.6(3)  
C12–C7–C8–C9 1.2(3)  
C6–C7–C8–C9 -176.0(2)  
C7–C8–C9–C10 -1.4(4)  
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C8–C9–C10–C11 0.5(4)  
C9–C10–C11–C12 0.6(4)  
C10–C11–C12–C7 -0.8(4)  
C8–C7–C12–C11 -0.1(3)  
C6–C7–C12–C11 177.1(2)  
C24–Mn1–C23–O4 -171(6)  
C22–Mn1–C23–O4 -81(6)  
C3–Mn1–C23–O4 38(6)  
C2–Mn1–C23–O4 14(6)  
C4–Mn1–C23–O4 77(6)  
C5–Mn1–C23–O4 96(6)  
C1–Mn1–C23–O4 47(6)  
C24–Mn1–C22–O3 56(3)  
C23–Mn1–C22–O3 -38(3)  
C3–Mn1–C22–O3 -129(3)  
C2–Mn1–C22–O3 -160(3)  
C4–Mn1–C22–O3 -139(3)  
C5–Mn1–C22–O3 146(3)  
C1–Mn1–C22–O3 162(3)  
C23–Mn1–C24–O5 163(11)  
C22–Mn1–C24–O5 73(11)  
C3–Mn1–C24–O5 -98(11)  
C2–Mn1–C24–O5 -23(11)  
C4–Mn1–C24–O5 -101(11)  
C5–Mn1–C24–O5 -68(11)  
C1–Mn1–C24–O5 -32(11)  
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Table A.15.1.  Positional Parameters and Equivalent U Values for the Refined 
Atoms of [Mn(CO)3{η5-1,2-C5H3(CPhNOMe)(CHOHPh)}] (29a).   
 
 
Atom x y z U(eq)  
Mn1 1611(1) 4630(1) 1739(1) 17(1)  
N1 -688(2) 3986(1) 4307(1) 19(1)  
O1 3033(1) 6782(1) 3871(1) 20(1)  
O2 -1233(1) 5130(1) 3563(1) 23(1)  
O3 -1119(2) 2483(1) 1810(1) 37(1)  
O4 2664(2) 4963(2) -283(1) 37(1)  
O5 -1124(2) 6983(1) 1419(1) 39(1)  
C1 2060(2) 4062(2) 3192(1) 16(1)  
C2 2689(2) 5562(2) 2709(1) 16(1)  
C3 4012(2) 5442(2) 1962(1) 18(1)  
C4 4212(2) 3891(2) 1974(1) 19(1)  
C5 3027(2) 3041(2) 2727(1) 18(1)  
C6  874(2) 3522(2) 4097(1) 17(1)  
C7 1540(2) 2300(2) 4854(1) 17(1)  
C8 3308(2) 2206(2) 4934(1) 24(1)  
C9 3937(2) 1096(2) 5650(1) 28(1)  
C10 2802(2) 52(2) 6293(1) 25(1)  
C11 1043(2) 131(2) 6219(1) 22(1)  
C12 406(2) 1245(2) 5505(1) 18(1)  
C13 2230(2) 6969(2) 3041(1) 18(1)  
C14 2901(2) 8406(2) 2294(1) 19(1)  
C15 1806(2) 9279(2) 1694(1) 27(1)  
C16 2450(3) 10535(2) 968(1) 34(1)  
C17 4174(3) 10933(2) 847(1) 34(1)  
C18 5263(2) 10102(2) 1459(1) 30(1)  
C19 4627(2) 8842(2) 2181(1) 24(1)  
C21 -3095(2) 5151(2) 3684(1) 31(1)  
C22 -38(2) 3296(2) 1794(1) 24(1)  
C23 2223(2) 4858(2) 503(1) 24(1)  
C24 -32(2) 6090(2) 1541(1) 26(1)  
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Table A.15.2.  Anisotropic Displacement Parameters (U Values) Refined for the 
Non-Hydrogen Atoms of [Mn(CO)3{η5-1,2-C5H3(CPhNOMe)(CHOHPh)}] (29a).   
 
 
Atom U11 U22 U33 U23 U13 U12  
Mn1 20(1) 17(1) 13(1) -2(1) -3(1) -1(1)  
N1 20(1) 18(1) 15(1) -1(1) -3(1) -1(1)  
O1 19(1) 27(1) 13(1) -6(1) -1(1) -3(1)  
O2 17(1) 23(1) 22(1) 2(1) -2(1) 2(1)  
O3 34(1) 31(1) 40(1) 9(1) -16(1) -15(1)  
O4 39(1) 55(1) 15(1) -6(1) -1(1) -9(1)  
O5 40(1) 34(1) 49(1) -16(1) -25(1) 14(1)  
C1 17(1) 18(1) 12(1) -2(1) -4(1) 0(1)  
C2 17(1) 18(1) 13(1) -2(1) -4(1) -1(1)  
C3 18(1) 20(1) 14(1) -3(1) -2(1) -1(1)  
C4 18(1) 22(1) 16(1) -5(1) -2(1) 1(1)  
C5 22(1) 18(1) 16(1) -4(1) -5(1) 2(1)  
C6 19(1) 17(1) 13(1) -5(1) -2(1) -3(1)  
C7 22(1) 18(1) 13(1) -5(1) -2(1) -1(1)  
C8 21(1) 28(1) 19(1) 0(1) -4(1) -5(1)  
C9 22(1) 34(1) 25(1) -1(1) -9(1) -3(1)  
C10 31(1) 22(1) 20(1) -1(1) -9(1) 1(1)  
C11 27(1) 18(1) 18(1) -1(1) -1(1) -3(1)  
C12 20(1) 17(1) 18(1) -6(1) -1(1) -1(1)  
C13 19(1) 19(1) 15(1) -5(1) -3(1) 0(1)  
C14 27(1) 16(1) 15(1) -6(1) -1(1) 0(1)  
C15 36(1) 22(1) 25(1) -6(1) -8(1) 3(1)  
C16 58(1) 21(1) 23(1) -4(1) -12(1) 7(1)  
C17 61(1) 18(1) 19(1) -5(1) 4(1) -6(1)  
C18 39(1) 24(1) 27(1) -8(1) 6(1) -9(1)  
C19 29(1) 20(1) 22(1) -6(1) -1(1) -3(1)  
C21 19(1) 38(1) 31(1) -3(1) -6(1) 4(1)  
C22 27(1) 23(1) 17(1) 3(1) -6(1) -1(1)  
C23 25(1) 26(1) 19(1) -2(1) -6(1) -6(1)  
C24 32(1) 28(1) 23(1) -9(1) -12(1) 0(1)  
 
 
 
The form of the anisotropic displacement expression is: 
-2π2[h2a*2U11 + ... + 2hka*b*U12] 
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Table A.15.3.  Positional Parameters and U Values for the Hydrogen Atoms of 
[Mn(CO)3{η5-1,2-C5H3(CPhNOMe)(CHOHPh)}] (29a).   
 
 
Atom x y z U(eq)  
H1 2272 6552 4352 30  
H3 4657 6260 1526 21  
H4 5008 3498 1548 23  
H5 2889 1973 2898 22  
H8 4092 2911 4491 28  
H9 5144 1050 5700 33  
H10 3230 -714 6783 30  
H11 267 -583 6660 27  
H12 -803 1291 5458 22  
H13 936 7042 3205 21  
H15 612 9019 1779 32  
H16 1697 11118 555  41  
H17 4614 11777 343  40  
H18 6444 10391  1388  36  
H19 5380  8274  2599  29  
H21A -3512 4235 3577 46  
H21B -3498 6046 3229 46  
H21C -3552 5188 4327 46  
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Table A.15.4.  Torsion Angles [°] for [Mn(CO)3{η5-1,2-C5H3(CPhNOMe) 
(CHOHPh)}] (29a). 
 
C23–Mn1–C1–C2 80.65(16)  
C22–Mn1-C1–C2 -160.62(9)  
C24–Mn1-C1–C2 -68.78(10)  
C4–Mn1-C1–C2 80.54(9)  
C3–Mn1-C1–C2 37.55(8)  
C5–Mn1-C1–C2 117.48(12)  
C23–Mn1-C1–C5 -36.83(18)  
C22–Mn1-C1–C5 81.90(9)  
C24–Mn1-C1–C5 173.74(9)  
C4–Mn1-C1–C5 -36.94(8)  
C3–Mn1-C1–C5 -79.93(9)  
C2–Mn1-C1–C5 -117.48(12)  
C23–Mn1-C1–C6 -153.16(15)  
C22–Mn1-C1–C6 -34.43(14)  
C24–Mn1-C1–C6 57.41(15)  
C4–Mn1-C1–C6 -153.27(15)  
C3–Mn1-C1–C6 163.74(15)  
C5–Mn1-C1–C6 -116.33(16)  
C2–Mn1-C1–C6 126.19(17)  
C6–N1-O2–C21 156.84(13)  
C5–C1–C2–C3 0.23(15)  
C6–C1–C2–C3 170.21(14)  
Mn1-C1–C2–C3 -60.85(10)  
C5–C1–C2–C13 -170.65(13)  
C6–C1–C2–C13 -0.7(2)  
Mn1-C1–C2–C13 128.28(14)  
C5–C1–C2–Mn1 61.07(9)  
C6–C1–C2–Mn1 -128.94(15)  
C23–Mn1-C2–C3 -28.07(12)  
C22–Mn1-C2–C3 146.54(10)  
C24–Mn1-C2–C3 -123.83(9)  
C4–Mn1-C2–C3 37.36(8)  
C5–Mn1-C2–C3 79.72(9)  
C1–Mn1-C2–C3 117.71(12)  
C23–Mn1-C2–C1 -145.78(10)  
C22–Mn1-C2–C1 28.83(13)  
C24–Mn1-C2–C1 118.46(9)  
C4–Mn1-C2–C1 -80.35(9)  
C3–Mn1-C2–C1 -117.71(12)  
C5–Mn1-C2–C1 -37.99(8)  
C23–Mn1-C2–C13 93.40(15)  
C22–Mn1-C2–C13 -91.99(15)  
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C24–Mn1-C2–C13 -2.36(14)  
C4–Mn1-C2–C13 158.83(14)  
C3–Mn1-C2–C13 121.47(16)  
C5–Mn1-C2–C13 -158.81(14)  
C1–Mn1-C2–C13 -120.82(16)  
C1–C2–C3–C4 -0.02(16)  
C13–C2–C3–C4 170.78(13)  
Mn1-C2–C3–C4 -61.04(10)  
C1–C2–C3–Mn1 61.02(9)  
C13–C2–C3–Mn1 -128.18(14)  
C23–Mn1-C3–C2 159.20(9)  
C22–Mn1-C3–C2 -93.03(18)  
C24–Mn1-C3–C2 63.95(10)  
C4–Mn1-C3–C2 -118.52(12)  
C5–Mn1-C3–C2 -81.21(9)  
C1–Mn1-C3–C2 -37.89(8)  
C23–Mn1-C3–C4 -82.28(9)  
C22–Mn1-C3–C4 25.5(2)  
C24–Mn1-C3–C4 -177.53(9)  
C5–Mn1-C3–C4 37.31(8)  
C1–Mn1-C3–C4 80.63(9)  
C2–Mn1-C3–C4 118.52(12)  
C2–C3–C4–C5 -0.21(16)  
Mn1-C3–C4–C5 -61.69(10)  
C2–C3–C4–Mn1 61.48(10)  
C23–Mn1-C4–C5 -142.32(9)  
C22–Mn1-C4–C5 -51.38(11)  
C24–Mn1-C4–C5 122.60(14)  
C3–Mn1-C4–C5 117.87(12)  
C1–Mn1-C4–C5 37.64(8)  
C2–Mn1-C4–C5 80.73(9)  
C23–Mn1-C4–C3 99.82(9)  
C22–Mn1-C4–C3 -169.24(9)  
C24–Mn1-C4–C3 4.73(17)  
C5–Mn1-C4–C3 -117.87(12)  
C1–Mn1-C4–C3 -80.23(9)  
C2–Mn1-C4–C3 -37.14(8)  
C3–C4–C5–C1 0.35(16)  
Mn1-C4–C5–C1 -61.04(10)  
C3–C4–C5–Mn1 61.39(10)  
C2–C1–C5–C4 -0.36(16)  
C6–C1–C5–C4 -171.20(13)  
Mn1-C1–C5–C4 60.96(10)  
C2–C1–C5–Mn1 -61.32(9)  
C6–C1–C5–Mn1 127.83(13)  
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C23–Mn1-C5–C4 44.47(11)  
C22–Mn1-C5–C4 137.81(9)  
C24–Mn1-C5–C4 -129.66(13)  
C3–Mn1-C5–C4 -37.80(8)  
C1–Mn1-C5–C4 -118.44(12)  
C2–Mn1-C5–C4 -80.55(9)  
C23–Mn1-C5–C1 162.91(9)  
C22–Mn1-C5–C1 -103.75(9)  
C24–Mn1-C5–C1 -11.22(16)  
C4–Mn1-C5–C1 118.44(12)  
C3–Mn1-C5–C1 80.63(9)  
C2–Mn1-C5–C1 37.88(8)  
O2–N1-C6–C1 -0.2(2)  
O2–N1-C6–C7 -179.78(11)  
C2–C1–C6–N1  57.8(2)  
C5–C1–C6–N1 -133.51(16)  
Mn1-C1–C6–N1 -41.6(2)  
C2–C1–C6–C7 -122.54(15)  
C5–C1–C6–C7 46.11(19)  
Mn1-C1–C6–C7 138.04(12)  
N1-C6–C7–C8 -148.42(14)  
C1–C6–C7–C8 31.92(19)  
N1-C6–C7–C12 30.53(19)  
C1–C6–C7–C12 -149.14(13)  
C12–C7–C8–C9 -0.6(2)  
C6–C7–C8–C9 178.35(14)  
C7–C8–C9–C10 0.6(2)  
C8–C9–C10–C11 -0.4(2)  
C9–C10–C11–C12 0.1(2)  
C10–C11–C12–C7 -0.1(2)  
C8–C7–C12–C11 0.3(2)  
C6–C7–C12–C11 -178.63(13)  
C3–C2–C13–O1 -100.49(15)  
C1–C2–C13–O1 68.70(17)  
Mn1-C2–C13–O1 164.00(10)  
C3–C2–C13–C14 19.3(2)  
C1–C2–C13–C14 -171.49(13)  
Mn1-C2–C13–C14 -76.18(16)  
O1–C13–C14–C15 145.21(13)  
C2–C13–C14–C15 96.85(16)  
O1–C13–C14–C19 36.90(18)  
C2–C13–C14–C19 -81.03(16)  
C19–C14–C15–C16 2.5(2)  
C13–C14–C15–C16 -175.45(14)  
C14–C15–C16–C17 -0.8(2)  
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C15–C16–C17–C18 -1.3(2)  
C16–C17–C18–C19 1.7(2)  
C15–C14–C19–C18 -2.0(2)  
C13–C14–C19–C18 175.88(14)  
C17–C18–C19–C14 0.0(2)  
C23–Mn1-C22–O3 -65(4)  
C24–Mn1-C22–O3 27(4)  
C4–Mn1-C22–O3 -156(4)  
C3–Mn1-C22–O3 -174(100)  
C5–Mn1-C22–O3 175(100)  
C1–Mn1-C22–O3 137(4)  
C2–Mn1-C22–O3 119(4)  
C22–Mn1-C23–O4 -94(3)  
C24–Mn1-C23–O4 178(100)  
C4–Mn1-C23–O4 27(3)  
C3–Mn1-C23–O4 65(3)  
C5–Mn1-C23–O4 1(3)  
C1–Mn1-C23–O4 26(3)  
C2–Mn1-C23–O4 82(3)  
C23–Mn1-C24–O5 94(4)  
C22–Mn1-C24–O5 3(4)  
C4–Mn1-C24–O5 -171(3)  
C3–Mn1-C24–O5 -168(4)  
C5–Mn1-C24–O5 -91(4)  
C1–Mn1-C24–O5 -98(4)  
C2–Mn1-C24–O5 -134(4)  
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Table A.15.5.  Hydrogen bonds [Å and °] for [Mn(CO)3{η5-1,2-
C5H3(CPhNOMe)(CHOHPh)}] (29a). 
 
 
D–H A  d(D–H) d(H...A) d(D...A) <(DHA)  
O1–H(1) 0.84 2.12 2.9539(15) 170.4  
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Table A.16.1.  Positional Parameters and Equivalent U Values for the Refined 
Atoms of di(N-(ferrocenylmethyl))-N-methylammonium cyanoborohydride (42). 
 
 
Atom x y z U(eq)  
Fe1A 8939(1) 7712(1) 1284(1) 22(1)  
Fe2A 4731(1) 1417(1) 1098(1) 24(1)  
N1A 7602(5) 4449(3) 892(3) 20(1)  
C1A 8712(7) 6285(4) 924(3) 22(1)  
C2A 8570(7) 6885(4) 332(3) 26(1)  
C3A 9977(8) 7628(5) 313(3) 30(2)  
C4A 10980(7) 7485(4) 879(3) 27(1)  
C5A 10211(7) 6666(4) 1256(3) 23(1)  
C6A 7287(7) 8522(5) 1388(4) 35(2)  
C7A 8801(7) 9132(5) 1537(4) 32(2)  
C8A 9469(8) 8745(5) 2118(4) 35(2)  
C9A 8388(8) 7890(5) 2333(4) 35(2)  
C10A 7064(8) 7772(5) 1886(4) 36(2)  
C11A 7488(7) 5465(4) 1189(3) 21(1)  
C12A 6368(7) 3676(4) 1220(3) 22(1)  
C13A 6335(7) 2672(4) 916(3) 20(1)  
C14A 5601(7) 2245(4) 251(3) 24(1)  
C15A 5839(7) 1275(4) 154(3) 25(1)  
C16A 6740(7) 1091(4) 748(4) 30(2)  
C17A 7068(7) 1941(4) 1219(3) 27(1)  
C18A 2579(8) 477(5) 1041(4) 40(2)  
C19A 3457(8) 203(5) 1588(4) 36(2)  
C20A 3945(8) 1019(5) 2098(4) 37(2)  
C21A 3325(8) 1799(5) 1862(4) 38(2)  
C22A 2478(8) 1485(5) 1213(4) 44(2)  
C23A 9189(7) 4270(5) 995(4) 29(2)  
Fe1B 3915(1) 7536(1) 3737(1) 20(1)  
Fe2B -613(1) 1313(1) 3977(1) 21(1)  
N1B 2544(5) 4304(3) 4046(2) 18(1)  
C1B 3745(6) 6113(4) 4016(3) 20(1)  
C2B 5124(6) 6463(4) 3616(3) 22(1)  
C3B 6046(7) 7291(4) 4000(3) 23(1)  
C4B 5271(7) 7473(4) 4631(3) 24(1)  
C5B 3848(7) 6747(4) 4645(3) 24(1)  
C6B 3131(7) 7730(5) 2729(4) 30(2)  
C7B 4212(7) 8599(4) 2988(3) 28(1)  
C8B 3636(7) 8953(4) 3631(4) 29(2)  
C9B 2189(7) 8295(5) 3768(4) 31(2)  
C10B 1877(7) 7546(5) 3209(4) 30(2)  
C11B 2402(6) 5298(4) 3784(3) 20(1)  
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C12B 1188(6) 3513(4) 3753(3) 22(1)  
C13B 1139(7) 2529(4) 4047(3) 22(1)  
C14B 1666(7) 1737(4) 3700(3) 26(1)  
C15B 1463(7) 947(4) 4184(3) 26(1)  
C16B 850(7) 1267(4) 4833(3) 25(1)  
C17B 687(6) 2248(4) 4749(3) 24(1)  
C18B -2053(7) 95(5) 3508(4) 34(2)  
C19B -2695(7) 366(5) 4154(4) 31(2)  
C20B -2899(7) 1343(5) 4094(4) 35(2)  
C21B -2401(8) 1655(5) 3405(4) 40(2)  
C22B -1885(8) 883(5) 3045(4) 36(2)  
C23B 4068(7) 4069(4) 3863(3) 25(1)  
N1C 6586(6) 4517(4) -522(3) 38(1)  
C1C 6791(7) 4848(5) -1084(4) 29(2)  
B1C 7042(10) 5250(8) -1848(4) 48(2)  
N1D 1801(6) 4636(4) 5480(3) 31(1)  
C1D 1834(6) 4857(4) 6082(4) 24(1)  
B1D 1925(9) 5154(6) 6912(4) 31(2)  
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Table A.16.2.  Anisotropic Displacement Parameters (U Values) Refined for the 
Non-Hydrogen Atoms of di(N-(ferrocenylmethyl))-N-methylammonium 
cyanoborohydride (42). 
 
 
Atom U11 U22 U33 U23 U13 U12  
Fe1A 22(1) 17(1) 28(1) 0(1) 2(1) 7(1)  
Fe2A 25(1) 20(1) 27(1) 4(1) 2(1) 3(1)  
N1A 19(3) 21(3) 20(3) -1(2) 0(2) 4(2)  
C1A 21(3) 21(3) 25(3) -2(2) 2(2) 10(3)  
C2A 28(4) 25(3) 25(3) 2(3) 2(3) 7(3)  
C3A 38(4) 26(3) 24(3) 2(3) 13(3) 3(3)  
C4A 14(3) 21(3) 43(4) -5(3) 6(3) -2(3)  
C5A 22(3) 18(3) 31(3) -2(3) 2(3) 11(3)  
C6A 24(4) 32(4) 52(4) -9(3) -6(3) 18(3)  
C7A 27(4) 20(3) 50(4) -2(3) 4(3) 7(3)  
C8A 32(4) 33(4) 42(4)- 16(3) -7(3) 18(3) 
C9A 39(4) 42(4) 31(4) 0(3) 10(3) 22(3)  
C10A 28(4) 22(4) 60(5) -5(3) 16(3) 9(3)  
C11A 23(3) 16(3) 23(3) 0(2) 0(2) 6(3)  
C12A 21(3) 19(3) 25(3) -3(2) -2(3) 5(3)  
C13A 24(3) 10(3) 26(3) 6(2) 1(3) -1(2)  
C14A 24(3) 26(3) 22(3) 7(3) 5(3) 4(3)  
C15A 28(3) 20(3) 25(3) -2(3) 5(3) 1(3)  
C16A 24(3) 17(3) 46(4) 2(3) 4(3) 1(3)  
C17A 21(3) 28(3) 33(4) 5(3) -5(3) 7(3)  
C18A 26(4) 37(4) 43(4) 2(3) 2(3) -23(3) 
C19A 43(4) 14(3) 48(4) 11(3) 7(3) 0(3)  
C20A 43(4) 32(4) 32(4) 6(3) 10(3) 3(3)  
C21A 39(4) 33(4) 40(4) 6(3) 26(3) 1(3)  
C22A 26(4) 45(5) 64(5) 27(4) 14(4) 9(3)  
C23A 21(3) 24(3) 46(4) 3(3) 4(3) 11(3)  
Fe1B 15(1) 18(1) 28(1) 2(1) 0(1) 4(1)  
Fe2B 19(1) 18(1) 26(1) 0(1) 0(1) 3(1)  
N1B 15(2) 17(2) 20(3) 3(2) 2(2) 3(2)  
C1B 16(3) 19(3) 25(3) 3(2) 0(2) 6(2)  
C2B 16(3) 22(3) 30(3) 2(3) 1(2) 5(3)  
C3B 14(3) 18(3) 35(4) 4(3) -4(3) 4(2)  
C4B 20(3) 20(3) 29(3) 0(3) -7(3) -2(3)  
C5B 19(3) 26(3) 26(3) 4(3) 3(2) 5(3)  
C6B 34(4) 25(3) 34(4) 5(3) -10(3) 10(3)  
C7B 21(3) 25(3) 39(4) 14(3) 2(3) 6(3)  
C8B 24(3) 18(3) 46(4) 7(3) 3(3) 7(3)  
C9B 21(3) 25(4) 50(4) 10(3) 9(3) 12(3)  
C10B 15(3) 26(4) 50(4) 12(3) -7(3) 4(3)  
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C11B 18(3) 15(3) 29(3) 3(2) 2(2) 5(2)  
C12B 15(3) 22(3) 27(3) 0(3) 1(2) -1(2)  
C13B 26(3) 24(3) 19(3) 1(2) 3(2) 14(3)  
C14B 23(3) 16(3) 37(4) 2(3) 8(3) 1(3)  
C15B 19(3) 19(3) 41(4) 5(3) 5(3) 5(3)  
C16B 21(3) 22(3) 29(3) 5(3) -5(3) 1(3)  
C17B 17(3) 20(3) 32(4) 1(3) 0(3) 2(3)  
C18B 31(4) 28(4) 42(4) -6(3) -7(3) 6(3)  
C19B 18(3) 24(3) 44(4) 1(3) 0(3) -9(3)  
C20B 13(3) 30(4) 58(5) -13(3) -4(3) 4(3)  
C21B 29(4) 26(4) 62(5) 1(3) -24(4) 5(3)  
C22B 40(4) 36(4) 27(4) -4(3) -14(3) -1(3)  
C23B 21(3) 21(3) 33(4) 4(3) 1(3) 7(3)  
N1C 34(3) 46(4) 35(4) 9(3) 2(3) 11(3)  
C1C 22(3) 33(4) 33(4) -4(3) -4(3) 10(3)  
B1C 38(5) 87(7) 29(5) 1(4) -3(4) 37(5)  
N1D 28(3) 40(3) 27(3) 0(3) 2(2) 10(3)  
C1D 11(3) 28(3) 38(4) 9(3) 3(3) 9(3)  
B1D 27(4) 43(5) 27(4) -3(3) -9(3) 13(4)  
 
 
The form of the anisotropic displacement expression is: 
-2π2[h2a*2U11 + ... + 2hka*b*U12] 
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Table A.16.3.  Positional Parameters and U Values for the Hydrogen Atoms of 
di(N-(ferrocenylmethyl))-N-methylammonium cyanoborohydride (42). 
 
 
Atom x y z U(eq)  
H1A 7385 4420 399 24  
H2A 7696 6804 10 31  
H3A 10202 8133 -24 36  
H4A 11998 7875 987 33  
H5A 10620 6409 1664 27  
H6A 6567 8605 1023 42  
H7A 9274 9701 1288 38  
H8A 10472 9010 2330 41  
H9A 8539 7477 2709 42  
H10A 6149 7260 1915 44  
H11A 6453 5575 1053 25  
H11B 7567 5480 1722 25  
H12A 6565 3696 1748 26  
H12B 5340 3828 1135 26  
H14A 5046 2559 -73 29  
H15A 5458 825 -243 30  
H16A 7068 496 818 36  
H17A 7665 2020 1657 33  
H18A 2128 78 630 48  
H19A 3697 -427 1619 43  
H20A 4574 1031 2520 44  
H21A 3456 2431 2100 46  
H22A 1937 1867 937 53  
H23A 9434 4267 1511 44  
H23B 9951 4795 777 44  
H23C 9226 3629 764 44  
H1B 2485 4331 4545 21  
H2B 5370 6185 3170 27  
H3B 7027 7665 3858 27  
H4B 5637 7990 4986 29  
H5B 3098 6694 5010 28  
H6B 3229 7339 2308 36  
H7B 5159 8894 2769 33  
H8B 4126 9525 3918 35  
H9B 1545 8349 4165 37  
H10B 984 7013 3163 36  
H11C 2313 5257 3251 25  
H11D 1436 5452 3969 25  
H12C 210 3712 3868 27  
H12D 1247 3458 3221 27  
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H14B 2077 1735 3231 31  
H15B 1696 321 4090 31  
H16B 596 891 5247 30  
H17B 334 2650 5105 28  
H18B -1779 -518 3404 41  
H19B -2946 -34 4557 37  
H20B -3297 1720 4452 41  
H21B -2413 2278 3217 48  
H22B -1492 893 2572 43  
H23D 4120 3432 4058 37  
H23E 4921 4589 4074 37  
H23F 4160 4031 3338 37  
H1C1 7728 4905 -2111 72  
H1C2 7519 5960 -1810 72  
H1C3 6036 5139 -2108 72  
H1D1 2789 4936 7141 47  
H1D2 947 4838 7132 47  
H1D3 2095 5874 6979 47  
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Table A.16.4.  Torsion Angles [°] for di(N-(ferrocenylmethyl))-N-methylammonium 
cyanoborohydride (42). 
 
 
C3–Fe1–C2–C4 -118.5(5)  
C9–Fe1–C2–C4 112.6(4)  
C10–Fe1–C2–C4 155.1(4)  
C11–Fe1–C2–C4 -171.7(5)  
C7–Fe1–C2–C4 49.8(16)  
C8–Fe1–C2–C4 73.4(5)  
C5–Fe1–C2–C4 -37.8(4)  
C6–Fe1–C2–C4 -81.2(4)  
C9–Fe1–C2–C3 -128.9(4)  
C10–Fe1–C2–C3 -86.4(4)  
C11–Fe1–C2–C3 -53.2(6)  
C7–Fe1–C2–C3 168.3(14)  
C8–Fe1–C2–C3 -168.1(4)  
C4–Fe1–C2–C3 118.5(5)  
C5–Fe1–C2–C3 80.7(4)  
C6–Fe1–C2–C3 37.2(4)  
C3–Fe1–C2–C1 119.9(7)  
C9–Fe1–C2–C1 -9.0(6)  
C10–Fe1–C2–C1 33.5(6)  
C11–Fe1–C2–C1 66.7(7)  
C7–Fe1–C2–C1 -71.8(17)  
C8–Fe1–C2–C1 -48.2(6)  
C4–Fe1–C2–C1 -121.6(7)  
C5–Fe1–C2–C1 -159.4(6)  
C6–Fe1–C2–C1 157.1(6)  
C3–C2–C4–C5 -0.3(7)  
C1–C2–C4–C5 174.9(6)  
Fe1–C2–C4–C5 59.2(4)  
C3–C2–C4–Fe1 -59.6(4)  
C1–C2–C4–Fe1 115.7(6)  
C3–Fe1–C4–C2 38.4(4)  
C9–Fe1–C4–C2 -84.9(4)  
C10–Fe1–C4–C2 -47.8(7)  
C11–Fe1–C4–C2 154.7(14)  
C7–Fe1–C4–C2 -169.2(4)  
C8–Fe1–C4–C2 -128.4(4)  
C5–Fe1–C4–C2 119.1(5)  
C6–Fe1–C4–C2 81.8(4)  
C3–Fe1–C4–C5 -80.7(4)  
C2–Fe1–C4–C5 -119.1(5)  
C9–Fe1–C4–C5 156.0(4)  
  
 
398
C10–Fe1–C4–C5 -166.9(5)  
C11–Fe1–C4–C5 35.6(17)  
C7–Fe1–C4–C5 71.7(5)  
C8–Fe1–C4–C5 112.5(4)  
C6–Fe1–C4–C5 -37.3(4)  
C2–C4–C5–C6 0.6(7)  
Fe1–C4–C5–C6 59.4(4)  
C2–C4–C5–Fe1 -58.8(4)  
C3–Fe1–C5–C6 -37.2(4)  
C2–Fe1–C5–C6 -81.6(4)  
C9–Fe1–C5–C6 -169.3(5)  
C10–Fe1–C5–C6 27.4(15)  
C11–Fe1–C5–C6 68.3(5)  
C7–Fe1–C5–C6 109.6(4)  
C8–Fe1–C5–C6 153.9(4)  
C4–Fe1–C5–C6 -119.6(5)  
C3–Fe1–C5–C4 82.4(4)  
C2–Fe1–C5–C4 37.9(4)  
C9–Fe1–C5–C4 -49.7(7)  
C10–Fe1–C5–C4 147.0(12)  
C11–Fe1–C5–C4 -172.1(4)  
C7–Fe1–C5–C4 -130.8(4)  
C8–Fe1–C5–C4 -86.6(4)  
C6–Fe1–C5–C4 119.6(5)  
C4–C5–C6–C3 -0.6(7)  
Fe1–C5–C6–C3 58.5(4)  
C4–C5–C6–Fe1 -59.1(4)  
C2–Fe1–C6–C3 -38.0(4)  
C9–Fe1–C6–C3 38.2(13)  
C10–Fe1–C6–C3 67.4(5)  
C11–Fe1–C6–C3 108.2(4)  
C7–Fe1–C6–C3 151.0(4)  
C8–Fe1–C6–C3 -174.0(5)  
C4–Fe1–C6–C3 -82.2(4)  
C5–Fe1–C6–C3 -119.9(5)  
C3–Fe1–C6–C5 119.9(5)  
C2–Fe1–C6–C5 81.9(4)  
C9–Fe1–C6–C5 158.0(11)  
C10–Fe1–C6–C5 -172.8(4)  
C11–Fe1–C6–C5 -131.9(4)  
C7–Fe1–C6–C5 -89.2(4)  
C8–Fe1–C6–C5 -54.1(7)  
C4–Fe1–C6–C5 37.7(4)  
C5–C6–C3–C2 0.4(7)  
Fe1–C6–C3–C2 59.3(4)  
  
 
399
C5–C6–C3–Fe1 -58.9(4)  
C4–C2–C3–C6 0.0(7)  
C1–C2–C3–C6 -175.4(6)  
Fe1–C2–C3–C6 -60.1(4)  
C4–C2–C3–Fe1 60.0(4)  
C1–C2–C3–Fe1 -115.3(6)  
C2–Fe1–C3–C6 119.4(5)  
C9–Fe1–C3–C6 -169.3(4)  
C10–Fe1–C3–C6 -131.2(4)  
C11–Fe1–C3–C6 -88.5(4)  
C7–Fe1–C3–C6 -56.4(7)  
C8–Fe1–C3–C6 166.6(12)  
C4–Fe1–C3–C6 81.2(4)  
C5–Fe1–C3–C6 37.2(4)  
C9–Fe1–C3–C2 71.3(5)  
C10–Fe1–C3–C2 109.4(4)  
C11–Fe1–C3–C2 152.1(4)  
C7–Fe1–C3–C2 -175.9(5)  
C8–Fe1–C3–C2 47.2(14)  
C4–Fe1–C3–C2 -38.2(4)  
C5–Fe1–C3–C2 -82.2(4)  
C6–Fe1–C3–C2 -119.4(5)  
C3–Fe1–C8–C9 29.5(15)  
C2–Fe1–C8–C9 68.4(5)  
C10–Fe1–C8–C9 -36.6(4)  
C11–Fe1–C8–C9 -80.6(5)  
C7–Fe1–C8–C9 -118.0(6)  
C4–Fe1–C8–C9 110.3(4)  
C5–Fe1–C8–C9 154.1(4)  
C6–Fe1–C8–C9 -168.9(6)  
C3–Fe1–C8–C7 147.5(12)  
C2–Fe1–C8–C7 -173.6(4)  
C9–Fe1–C8–C7 118.0(6)  
C10–Fe1–C8–C7 81.5(5)  
C11–Fe1–C8–C7 37.5(4)  
C4–Fe1–C8–C7 -131.7(4)  
C5–Fe1–C8–C7 -87.8(5)  
C6–Fe1–C8–C7 -50.9(8)  
C9–C8–C7–C11 0.1(8)  
Fe1–C8–C7–C11 -59.5(5)  
C9–C8–C7–Fe1 59.6(5)  
C3–Fe1–C7–C11 -47.8(7)  
C2–Fe1–C7–C11 147.3(14)  
C9–Fe1–C7–C11 81.0(5)  
C10–Fe1–C7–C11 37.6(4)  
  
 
400
C8–Fe1–C7–C11 119.2(6)  
C4–Fe1–C7–C11 -170.6(4)  
C5–Fe1–C7–C11 -129.1(4)  
C6–Fe1–C7–C11 -85.4(5)  
C3–Fe1–C7–C8 -167.0(5)  
C2–Fe1–C7–C8 28.1(17)  
C9–Fe1–C7–C8 -38.1(4)  
C10–Fe1–C7–C8 -81.5(5)  
C11–Fe1–C7–C8 -119.2(6)  
C4–Fe1–C7–C8 70.2(5)  
C5–Fe1–C7–C8 111.7(5)  
C6–Fe1–C7–C8 155.4(4)  
C8–C7–C11–C10 0.3(8)  
Fe1–C7–C11–C10 -59.1(5)  
C8–C7–C11–Fe1 59.4(5)  
C3–Fe1–C11–C7 155.0(4)  
C2–Fe1–C11–C7 -169.2(5)  
C9–Fe1–C11–C7 -81.7(5)  
C10–Fe1–C11–C7 -119.6(6)  
C8–Fe1–C11–C7 -37.9(4)  
C4–Fe1–C11–C7 42.8(17)  
C5–Fe1–C11–C7 72.9(5)  
C6–Fe1–C11–C7 112.1(4)  
C3–Fe1–C11–C10 -85.4(4)  
C2–Fe1–C11–C10 -49.7(7)  
C9–Fe1–C11–C10 37.9(4)  
C7–Fe1–C11–C10 119.6(6)  
C8–Fe1–C11–C10 81.6(4)  
C4–Fe1–C11–C10 162.4(14)  
C5–Fe1–C11–C10 -167.6(4)  
C6–Fe1–C11–C10 -128.3(4)  
C7–C11–C10–C9 -0.6(8)  
Fe1–C11–C10–C9 -60.0(5)  
C7–C11–C10–Fe1 59.3(5)  
C3–Fe1–C10–C9 -131.3(4)  
C2–Fe1–C10–C9 -88.1(4)  
C11–Fe1–C10–C9 118.2(6)  
C7–Fe1–C10–C9 80.9(4)  
C8–Fe1–C10–C9 36.8(4)  
C4–Fe1–C10–C9 -55.8(7)  
C5–Fe1–C10–C9 167.9(12)  
C6–Fe1–C10–C9 -169.8(4)  
C3–Fe1–C10–C11 110.5(4)  
C2–Fe1–C10–C11 153.7(4)  
C9–Fe1–C10–C11 -118.2(6)  
  
 
401
C7–Fe1–C10–C11 -37.3(4)  
C8–Fe1–C10–C11 -81.4(4)  
C4–Fe1–C10–C11 -174.0(5)  
C5–Fe1–C10–C11 49.7(15)  
C6–Fe1–C10–C11 72.1(5)  
C11–C10–C9–C8 0.7(8)  
Fe1–C10–C9–C8 -59.3(5)  
C11–C10–C9–Fe1 60.0(5)  
C7–C8–C9–C10 -0.5(8)  
Fe1–C8–C9–C10 59.2(5)  
C7–C8–C9–Fe1 -59.7(5)  
C3–Fe1–C9–C10 67.1(5)  
C2–Fe1–C9–C10 107.9(4)  
C11–Fe1–C9–C10 -38.5(4)  
C7–Fe1–C9–C10 -82.2(5)  
C8–Fe1–C9–C10 -120.7(6)  
C4–Fe1–C9–C10 151.2(4)  
C5–Fe1–C9–C10 -174.5(5)  
C6–Fe1–C9–C10 36.4(13)  
C3–Fe1–C9–C8 -172.2(4)  
C2–Fe1–C9–C8 -131.3(4)  
C10–Fe1–C9–C8 120.7(6)  
C11–Fe1–C9–C8 82.3(5)  
C7–Fe1–C9–C8 38.6(4)  
C4–Fe1–C9–C8 -88.1(5)  
C5–Fe1–C9–C8 -53.8(7)  
C6–Fe1–C9–C8 157.1(10)  
C4–C2–C1–N1 95.9(7)  
C3–C2–C1–N1 -89.6(7)  
Fe1–C2–C1–N1 -176.0(4)  
C23–N1–C1–C2 52.3(7)  
C12–N1–C1–C2 176.8(5)  
C23–N1–C12–C13 -59.4(7)  
C1–N1–C12–C13 176.1(5)  
N1–C12–C13–C14 -80.7(7)  
N1–C12–C13–C17 97.5(7)  
N1–C12–C13–Fe2 -172.0(4)  
C20–Fe2–C13–C14 -85.0(5)  
C17–Fe2–C13–C14 117.4(5)  
C21–Fe2–C13–C14 -126.8(4)  
C16–Fe2–C13–C14 80.2(4)  
C19–Fe2–C13–C14 -53.2(8)  
C22–Fe2–C13–C14 -166.8(4)  
C15–Fe2–C13–C14 36.7(4)  
C18–Fe2–C13–C14 166.4(8)  
  
 
402
C20–Fe2–C13–C17 157.6(4)  
C21–Fe2–C13–C17 115.8(4)  
C16–Fe2–C13–C17 -37.2(4)  
C19–Fe2–C13–C17 -170.6(7)  
C14–Fe2–C13–C17 -117.4(5)  
C22–Fe2–C13–C17 75.8(5)  
C15–Fe2–C13–C17 -80.7(4)  
C18–Fe2–C13–C17 49.0(10)  
C20–Fe2–C13–C12 36.0(7)  
C17–Fe2–C13–C12 -121.5(7)  
C21–Fe2–C13–C12 -5.7(6)  
C16–Fe2–C13–C12 -158.8(6)  
C19–Fe2–C13–C12 67.9(9)  
C14–Fe2–C13–C12 121.1(7)  
C22–Fe2–C13–C12 -45.7(7)  
C15–Fe2–C13–C12 157.8(6)  
C18–Fe2–C13–C12 -72.6(11)  
C17–C13–C14–C15 1.4(7)  
C12–C13–C14–C15 179.8(6)  
Fe2–C13–C14–C15 -58.6(4)  
C17–C13–C14–Fe2 60.0(4)  
C12–C13–C14–Fe2 -121.5(6)  
C13–Fe2–C14–C15 120.5(5)  
C20–Fe2–C14–C15 -126.2(4)  
C17–Fe2–C14–C15 81.0(4)  
C21–Fe2–C14–C15 -167.8(4)  
C16–Fe2–C14–C15 37.3(4)  
C19–Fe2–C14–C15 -82.2(5)  
C22–Fe2–C14–C15 158.6(9)  
C18–Fe2–C14–C15 -49.4(8)  
C20–Fe2–C14–C13 113.3(4)  
C17–Fe2–C14–C13 -39.5(4)  
C21–Fe2–C14–C13 71.7(5)  
C16–Fe2–C14–C13 -83.2(4)  
C19–Fe2–C14–C13 157.3(4)  
C22–Fe2–C14–C13 38.1(11)  
C15–Fe2–C14–C13 -120.5(5)  
C18–Fe2–C14–C13 -169.9(6)  
C13–C14–C15–C16 -0.9(7)  
Fe2–C14–C15–C16 -58.8(4)  
C13–C14–C15–Fe2 57.9(4)  
C13–Fe2–C15–C16 82.5(4)  
C20–Fe2–C15–C16 -166.3(4)  
C17–Fe2–C15–C16 37.3(4)  
C21–Fe2–C15–C16 157.1(9)  
  
 
403
C19–Fe2–C15–C16 -123.2(4)  
C14–Fe2–C15–C16 119.8(5)  
C22–Fe2–C15–C16 -44.5(8)  
C18–Fe2–C15–C16 -81.5(4)  
C13–Fe2–C15–C14 -37.3(4)  
C20–Fe2–C15–C14 73.9(5)  
C17–Fe2–C15–C14 -82.5(4)  
C21–Fe2–C15–C14 37.3(11)  
C16–Fe2–C15–C14 -119.8(5)  
C19–Fe2–C15–C14 117.0(4)  
C22–Fe2–C15–C14 -164.3(6)  
C18–Fe2–C15–C14 158.7(4)  
C14–C15–C16–C17 0.0(7)  
Fe2–C15–C16–C17 -58.9(5)  
C14–C15–C16–Fe2 59.0(4)  
C13–Fe2–C16–C17 38.5(4)  
C20–Fe2–C16–C17 163.5(10)  
C21–Fe2–C16–C17 -45.6(8)  
C19–Fe2–C16–C17 -163.1(4)  
C14–Fe2–C16–C17 82.7(4)  
C22–Fe2–C16–C17 -79.6(5)  
C15–Fe2–C16–C17 119.9(5)  
C18–Fe2–C16–C17 -122.8(4)  
C13–Fe2–C16–C15 -81.4(4)  
C20–Fe2–C16–C15 43.6(12)  
C17–Fe2–C16–C15 -119.9(5)  
C21–Fe2–C16–C15 -165.5(6)  
C19–Fe2–C16–C15 77.0(5)  
C14–Fe2–C16–C15 -37.3(4)  
C22–Fe2–C16–C15 160.4(4)  
C18–Fe2–C16–C15 117.3(4)  
C15–C16–C17–C13 0.8(7)  
Fe2–C16–C17–C13 -58.6(4)  
C15–C16–C17–Fe2 59.4(5)  
C14–C13–C17–C16 -1.3(7)  
C12–C13–C17–C16 -179.8(6)  
Fe2–C13–C17–C16 59.3(5)  
C14–C13–C17–Fe2 -60.7(4)  
C12–C13–C17–Fe2 120.9(6)  
C13–Fe2–C17–C16 -119.4(5)  
C20–Fe2–C17–C16 -169.7(6)  
C21–Fe2–C17–C16 159.1(4)  
C19–Fe2–C17–C16 48.3(11)  
C14–Fe2–C17–C16 -80.7(4)  
C22–Fe2–C17–C16 117.5(4)  
  
 
404
C15–Fe2–C17–C16 -37.2(4)  
C18–Fe2–C17–C16 76.9(5)  
C20–Fe2–C17–C13 -50.3(8)  
C21–Fe2–C17–C13 -81.5(4)  
C16–Fe2–C17–C13 119.4(5)  
C19–Fe2–C17–C13 167.7(8)  
C14–Fe2–C17–C13 38.7(4)  
C22–Fe2–C17–C13 -123.1(4)  
C15–Fe2–C17–C13 82.2(4)  
C18–Fe2–C17–C13 -163.7(4)  
C13–Fe2–C19–C18 -162.2(6)  
C20–Fe2–C19–C18 -118.2(7)  
C17–Fe2–C19–C18 38.1(11)  
C21–Fe2–C19–C18 -80.5(5)  
C16–Fe2–C19–C18 74.8(5)  
C14–Fe2–C19–C18 159.6(4)  
C22–Fe2–C19–C18 -37.2(4)  
C15–Fe2–C19–C18 116.8(5)  
C13–Fe2–C19–C20 -44.0(9)  
C17–Fe2–C19–C20 156.3(8)  
C21–Fe2–C19–C20 37.7(5)  
C16–Fe2–C19–C20 -166.9(4)  
C14–Fe2–C19–C20 -82.2(5)  
C22–Fe2–C19–C20 81.0(5)  
C15–Fe2–C19–C20 -125.0(5)  
C18–Fe2–C19–C20 118.2(7)  
C20–C19–C18–C22 -1.1(8)  
Fe2–C19–C18–C22 58.1(5)  
C20–C19–C18–Fe2 -59.2(5)  
C13–Fe2–C18–C19 155.7(8)  
C20–Fe2–C18–C19 39.2(5)  
C17–Fe2–C18–C19 -166.2(4)  
C21–Fe2–C18–C19 83.1(5)  
C16–Fe2–C18–C19 -124.3(5)  
C14–Fe2–C18–C19 -46.5(9)  
C22–Fe2–C18–C19 120.7(7)  
C15–Fe2–C18–C19 -81.7(5)  
C13–Fe2–C18–C22 35.0(11)  
C20–Fe2–C18–C22 -81.5(5)  
C17–Fe2–C18–C22 73.0(5)  
C21–Fe2–C18–C22 -37.6(5)  
C16–Fe2–C18–C22 114.9(5)  
C19–Fe2–C18–C22 -120.7(7)  
C14–Fe2–C18–C22 -167.2(6)  
C15–Fe2–C18–C22 157.5(4)  
  
 
405
C19–C18–C22–C21 1.1(8)  
Fe2–C18–C22–C21 59.5(5)  
C19–C18–C22–Fe2 -58.4(5)  
C13–Fe2–C22–C21 73.4(5)  
C20–Fe2–C22–C21 -37.6(5)  
C17–Fe2–C22–C21 115.8(5)  
C16–Fe2–C22–C21 157.6(4)  
C19–Fe2–C22–C21 -82.7(5)  
C14–Fe2–C22–C21 44.1(11)  
C15–Fe2–C22–C21 -170.7(6)  
C18–Fe2–C22–C21 -118.8(7)  
C13–Fe2–C22–C18 -167.8(4)  
C20–Fe2–C22–C18 81.2(5)  
C17–Fe2–C22–C18 -125.4(4)  
C21–Fe2–C22–C18 118.8(7)  
C16–Fe2–C22–C18 -83.6(5)  
C19–Fe2–C22–C18 36.1(4)  
C14–Fe2–C22–C18 162.9(8)  
C15–Fe2–C22–C18 -51.9(9)  
C18–C22–C21–C20 -0.6(8)  
Fe2–C22–C21–C20 59.3(5)  
C18–C22–C21–Fe2 -59.9(5)  
C13–Fe2–C21–C22 -124.2(4)  
C20–Fe2–C21–C22 119.4(6)  
C17–Fe2–C21–C22 -80.8(5)  
C16–Fe2–C21–C22 -48.8(8)  
C19–Fe2–C21–C22 80.7(5)  
C14–Fe2–C21–C22 -164.7(4)  
C15–Fe2–C21–C22 166.3(9)  
C18–Fe2–C21–C22 38.1(4)  
C13–Fe2–C21–C20 116.3(4)  
C17–Fe2–C21–C20 159.8(4)  
C16–Fe2–C21–C20 -168.2(6)  
C19–Fe2–C21–C20 -38.7(4)  
C14–Fe2–C21–C20 75.9(5)  
C22–Fe2–C21–C20 -119.4(6)  
C15–Fe2–C21–C20 46.9(12)  
C18–Fe2–C21–C20 -81.3(5)  
C22–C21–C20–C19 -0.1(8)  
Fe2–C21–C20–C19 59.8(5)  
C22–C21–C20–Fe2 -59.8(5)  
C18–C19–C20–C21 0.7(8)  
Fe2–C19–C20–C21 -59.9(5)  
C18–C19–C20–Fe2 60.7(5)  
C13–Fe2–C20–C21 -80.3(5)  
  
 
406
C17–Fe2–C20–C21 -44.3(9)  
C16–Fe2–C20–C21 160.9(9)  
C19–Fe2–C20–C21 118.7(6)  
C14–Fe2–C20–C21 -124.0(4)  
C22–Fe2–C20–C21 37.3(4)  
C15–Fe2–C20–C21 -165.0(4)  
C18–Fe2–C20–C21 81.5(5)  
C13–Fe2–C20–C19 161.0(4)  
C17–Fe2–C20–C19 -163.0(6)  
C21–Fe2–C20–C19 -118.7(6)  
C16–Fe2–C20–C19 42.2(12)  
C14–Fe2–C20–C19 117.4(4)  
C22–Fe2–C20–C19 -81.4(5)  
C15–Fe2–C20–C19 76.3(5)  
C18–Fe2–C20–C19 -37.2(4)  
C3–Fe1–C2–C4 118.5(5)  
C10–Fe1–C2–C4 -158.3(4)  
C9–Fe1–C2–C4 -115.8(4)  
C8–Fe1–C2–C4 -76.2(5)  
C6–Fe1–C2–C4 81.1(4)  
C11–Fe1–C2–C4 170.2(5)  
C5–Fe1–C2–C4 37.6(4)  
C7–Fe1–C2–C4 -51.0(12)  
C10–Fe1–C2–C3 83.2(4)  
C9–Fe1–C2–C3 125.7(4)  
C8–Fe1–C2–C3 165.2(4)  
C6–Fe1–C2–C3 -37.5(4)  
C4–Fe1–C2–C3 -118.5(5)  
C11–Fe1–C2–C3 51.6(7)  
C5–Fe1–C2–C3 -81.0(4)  
C7–Fe1–C2–C3 -169.5(10)  
C3–Fe1–C2–C1 -120.5(6)  
C10–Fe1–C2–C1 -37.4(6)  
C9–Fe1–C2–C1 5.1(6)  
C8–Fe1–C2–C1 44.7(6)  
C6–Fe1–C2–C1 -158.0(6)  
C4–Fe1–C2–C1 120.9(6)  
C11–Fe1–C2–C1 -68.9(7)  
C5–Fe1–C2–C1 158.5(6)  
C7–Fe1–C2–C1 70.0(12)  
C4–C2–C3–C6 0.1(7)  
C1–C2–C3–C6 175.4(5)  
Fe1–C2–C3–C6 59.9(4)  
C4–C2–C3–Fe1 -59.7(4)  
C1–C2–C3–Fe1 115.6(6)  
  
 
407
C10–Fe1–C3–C6 128.0(4)  
C9–Fe1–C3–C6 167.9(4)  
C2–Fe1–C3–C6 -119.0(5)  
C8–Fe1–C3–C6 -166.3(9)  
C4–Fe1–C3–C6 -81.0(4)  
C11–Fe1–C3–C6 86.0(4)  
C5–Fe1–C3–C6 -37.2(4)  
C7–Fe1–C3–C6 55.3(7)  
C10–Fe1–C3–C2 -113.0(4)  
C9–Fe1–C3–C2 -73.0(4)  
C8–Fe1–C3–C2 -47.3(11)  
C6–Fe1–C3–C2 119.0(5)  
C4–Fe1–C3–C2 38.0(4)  
C11–Fe1–C3–C2 -155.0(4)  
C5–Fe1–C3–C2 81.9(4)  
C7–Fe1–C3–C2 174.3(5)  
C2–C3–C6–C5 -0.2(7)  
Fe1–C3–C6–C5 59.2(4)  
C2–C3–C6–Fe1 -59.5(4)  
C10–Fe1–C6–C3 -69.8(5)  
C9–Fe1–C6–C3 -36.1(10)  
C2–Fe1–C6–C3 38.3(4)  
C8–Fe1–C6–C3 171.0(6)  
C4–Fe1–C6–C3 82.3(4)  
C11–Fe1–C6–C3 -111.4(4)  
C5–Fe1–C6–C3 120.0(5)  
C7–Fe1–C6–C3 -154.0(4)  
C3–Fe1–C6–C5 -120.0(5)  
C10–Fe1–C6–C5 170.2(4)  
C9–Fe1–C6–C5 -156.1(8)  
C2–Fe1–C6–C5 -81.6(4)  
C8–Fe1–C6–C5 51.1(8)  
C4–Fe1–C6–C5 -37.6(4)  
C11–Fe1–C6–C5 128.6(4)  
C7–Fe1–C6–C5 86.0(4)  
C3–C6–C5–C4 0.2(7)  
Fe1–C6–C5–C4 59.1(4)  
C3–C6–C5–Fe1 -58.9(4)  
C3–Fe1–C5–C6 37.2(4)  
C10–Fe1–C5–C6 -31.2(11)  
C9–Fe1–C5–C6 164.3(5)  
C2–Fe1–C5–C6 81.8(4)  
C8–Fe1–C5–C6 -157.4(4)  
C4–Fe1–C5–C6 119.5(5)  
C11–Fe1–C5–C6 -71.5(5)  
  
 
408
C7–Fe1–C5–C6 -113.6(4)  
C3–Fe1–C5–C4 -82.3(4)  
C10–Fe1–C5–C4 -150.7(9)  
C9–Fe1–C5–C4 44.8(7)  
C2–Fe1–C5–C4 -37.7(4)  
C8–Fe1–C5–C4 83.1(4)  
C6–Fe1–C5–C4 -119.5(5)  
C11–Fe1–C5–C4 169.1(4)  
C7–Fe1–C5–C4 127.0(4)  
C6–C5–C4–C2 -0.1(7)  
Fe1–C5–C4–C2 59.0(4)  
C6–C5–C4–Fe1 -59.1(4)  
C3–C2–C4–C5 0.0(7)  
C1–C2–C4–C5 -175.3(6)  
Fe1–C2–C4–C5 -59.3(4)  
C3–C2–C4–Fe1 59.3(4)  
C1–C2–C4–Fe1 -116.0(6)  
C3–Fe1–C4–C5 80.9(4)  
C10–Fe1–C4–C5 164.0(5)  
C9–Fe1–C4–C5 -159.5(4)  
C2–Fe1–C4–C5 119.4(5)  
C8–Fe1–C4–C5 -116.1(4)  
C6–Fe1–C4–C5 37.4(4)  
C11–Fe1–C4–C5 -39.9(12)  
C7–Fe1–C4–C5 -75.0(5)  
C3–Fe1–C4–C2 -38.5(3)  
C10–Fe1–C4–C2 44.6(7)  
C9–Fe1–C4–C2 81.1(4)  
C8–Fe1–C4–C2 124.5(4)  
C6–Fe1–C4–C2 -82.0(4)  
C11–Fe1–C4–C2 -159.3(10)  
C5–Fe1–C4–C2 -119.4(5)  
C7–Fe1–C4–C2 165.6(4)  
C3–Fe1–C10–C9 126.6(4)  
C2–Fe1–C10–C9 83.8(4)  
C8–Fe1–C10–C9 -37.6(4)  
C6–Fe1–C10–C9 165.7(4)  
C4–Fe1–C10–C9 52.9(7)  
C11–Fe1–C10–C9 -118.8(6)  
C5–Fe1–C10–C9 -169.8(9)  
C7–Fe1–C10–C9 -81.5(4)  
C3–Fe1–C10–C11 -114.5(4)  
C9–Fe1–C10–C11 118.8(6)  
C2–Fe1–C10–C11 -157.4(4)  
C8–Fe1–C10–C11 81.3(4)  
  
 
409
C6–Fe1–C10–C11 -75.4(5)  
C4–Fe1–C10–C11 171.7(5)  
C5–Fe1–C10–C11 -50.9(11)  
C7–Fe1–C10–C11 37.4(4)  
C9–C10–C11–C7 0.2(7)  
Fe1–C10–C11–C7 -59.5(4)  
C9–C10–C11–Fe1 59.7(4)  
C3–Fe1–C11–C10 81.6(4)  
C9–Fe1–C11–C10 -38.0(4)  
C2–Fe1–C11–C10 45.9(7)  
C8–Fe1–C11–C10 -81.8(4)  
C6–Fe1–C11–C10 124.5(4)  
C4–Fe1–C11–C10 -163.0(10)  
C5–Fe1–C11–C10 164.7(4)  
C7–Fe1–C11–C10 -119.6(6)  
C3–Fe1–C11–C7 -158.8(4)  
C10–Fe1–C11–C7 119.6(6)  
C9–Fe1–C11–C7 81.6(4)  
C2–Fe1–C11–C7 165.4(5)  
C8–Fe1–C11–C7 37.7(4)  
C6–Fe1–C11–C7 -116.0(4)  
C4–Fe1–C11–C7 -43.4(12)  
C5–Fe1–C11–C7 -75.7(5)  
C10–C11–C7–C8 0.1(7)  
Fe1–C11–C7–C8 -58.7(4)  
C10–C11–C7–Fe1 58.9(4)  
C3–Fe1–C7–C11 44.2(8)  
C10–Fe1–C7–C11 -37.6(4)  
C9–Fe1–C7–C11 -81.6(4)  
C2–Fe1–C7–C11 -151.0(10)  
C8–Fe1–C7–C11 -119.3(6)  
C6–Fe1–C7–C11 82.4(4)  
C4–Fe1–C7–C11 168.2(4)  
C5–Fe1–C7–C11 126.0(4)  
C3–Fe1–C7–C8 163.5(5)  
C10–Fe1–C7–C8 81.7(5)  
C9–Fe1–C7–C8 37.7(4)  
C2–Fe1–C7–C8 -31.7(13)  
C6–Fe1–C7–C8 -158.3(4)  
C4–Fe1–C7–C8 -72.5(5)  
C11–Fe1–C7–C8 119.3(6)  
C5–Fe1–C7–C8 -114.7(4)  
C11–C7–C8–C9 -0.5(7)  
Fe1–C7–C8–C9 -59.4(4)  
C11–C7–C8–Fe1 58.9(4)  
  
 
410
C3–Fe1–C8–C9 -33.0(11)  
C10–Fe1–C8–C9 37.7(4)  
C2–Fe1–C8–C9 -70.2(5)  
C6–Fe1–C8–C9 168.3(6)  
C4–Fe1–C8–C9 -112.4(4)  
C11–Fe1–C8–C9 81.6(4)  
C5–Fe1–C8–C9 -155.6(4)  
C7–Fe1–C8–C9 119.1(6)  
C3–Fe1–C8–C7 -152.1(9)  
C10–Fe1–C8–C7 -81.4(4)  
C9–Fe1–C8–C7 -119.1(6)  
C2–Fe1–C8–C7 170.7(4)  
C6–Fe1–C8–C7 49.2(8)  
C4–Fe1–C8–C7 128.5(4)  
C11–Fe1–C8–C7 -37.5(4)  
C5–Fe1–C8–C7 85.3(5)  
C7–C8–C9–C10 0.6(7)  
Fe1–C8–C9–C10 -59.2(4)  
C7–C8–C9–Fe1 59.8(4)  
C11–C10–C9–C8 -0.5(7)  
Fe1–C10–C9–C8 59.5(4)  
C11–C10–C9–Fe1 -60.0(4)  
C3–Fe1–C9–C8 169.3(4)  
C10–Fe1–C9–C8 -119.3(6)  
C2–Fe1–C9–C8 128.2(4)  
C6–Fe1–C9–C8 -162.8(8)  
C4–Fe1–C9–C8 86.0(4)  
C11–Fe1–C9–C8 -81.5(4)  
C5–Fe1–C9–C8 54.4(7)  
C7–Fe1–C9–C8 -37.8(4)  
C3–Fe1–C9–C10 -71.3(5)  
C2–Fe1–C9–C10 -112.4(4)  
C8–Fe1–C9–C10 119.3(6)  
C6–Fe1–C9–C10 -43.5(10)  
C4–Fe1–C9–C10 -154.6(4)  
C11–Fe1–C9–C10 37.9(4)  
C5–Fe1–C9–C10 173.8(5)  
C7–Fe1–C9–C10 81.6(4)  
C4–C2–C1–N1 -92.8(7)  
C3–C2–C1–N1 92.8(7)  
Fe1–C2–C1–N1 179.5(4)  
C23–N1–C1–C2 -52.5(7)  
C12–N1–C1–C2 -176.4(5)  
C23–N1–C12–C13 61.7(6)  
C1–N1–C12–C13 -174.0(5)  
  
 
411
N1–C12–C13–C14 74.3(8)  
N1–C12–C13–C18 -99.9(7)  
N1–C12–C13–Fe2 167.1(4)  
C18–Fe2–C13–C14 -164.5(6)  
C22–Fe2–C13–C14 162.9(4)  
C21–Fe2–C13–C14 120.9(4)  
C19–Fe2–C13–C14 47.7(9)  
C15–Fe2–C13–C14 -36.7(4)  
C20–Fe2–C13–C14 79.4(4)  
C18–Fe2–C13–C14 -118.0(5)  
C16–Fe2–C13–C14 -80.5(4)  
C18–Fe2–C13–C18 -46.5(8)  
C22–Fe2–C13–C18 -79.2(5)  
C21–Fe2–C13–C18 -121.1(4)  
C14–Fe2–C13–C18 118.0(5)  
C19–Fe2–C13–C18 165.7(7)  
C15–Fe2–C13–C18 81.3(4)  
C20–Fe2–C13–C18 -162.6(4)  
C16–Fe2–C13–C18 37.5(4)  
C18–Fe2–C13–C12 74.8(9)  
C22–Fe2–C13–C12 42.1(6)  
C21–Fe2–C13–C12 0.2(6)  
C14–Fe2–C13–C12 -120.7(7)  
C19–Fe2–C13–C12 -73.0(10)  
C15–Fe2–C13–C12 -157.4(6)  
C20–Fe2–C13–C12 -41.3(7)  
C18–Fe2–C13–C12 121.3(7)  
C16–Fe2–C13–C12 158.8(6)  
C14–C13–C18–C16 2.6(7)  
C12–C13–C18–C16 177.6(6)  
Fe2–C13–C18–C16 -58.6(4)  
C14–C13–C18–Fe2 61.2(4)  
C12–C13–C18–Fe2 -123.8(6)  
C18–Fe2–C18–C13 160.9(4)  
C22–Fe2–C18–C13 119.1(4)  
C21–Fe2–C18–C13 77.9(5)  
C14–Fe2–C18–C13 -38.4(4)  
C19–Fe2–C18–C13 -167.4(7)  
C15–Fe2–C18–C13 -82.1(4)  
C20–Fe2–C18–C13 46.6(10)  
C16–Fe2–C18–C13 -119.8(5)  
C13–Fe2–C18–C16 119.8(5)  
C18–Fe2–C18–C16 -79.4(5)  
C22–Fe2–C18–C16 -121.1(4)  
C21–Fe2–C18–C16 -162.3(4)  
  
 
412
C14–Fe2–C18–C16 81.4(4)  
C19–Fe2–C18–C16 -47.7(9)  
C15–Fe2–C18–C16 37.6(4)  
C20–Fe2–C18–C16 166.3(7)  
C13–C18–C16–C15 -1.3(7)  
Fe2–C18–C16–C15 -59.0(4)  
C13–C18–C16–Fe2 57.8(4)  
C13–Fe2–C16–C15 81.8(4)  
C18–Fe2–C16–C15 -121.9(4)  
C22–Fe2–C16–C15 -163.2(4)  
C21–Fe2–C16–C15 166.0(7)  
C14–Fe2–C16–C15 37.8(4)  
C19–Fe2–C16–C15 -80.1(4)  
C20–Fe2–C16–C15 -48.1(9)  
C18–Fe2–C16–C15 119.4(5)  
C13–Fe2–C16–C18 -37.7(4)  
C18–Fe2–C16–C18 118.7(4)  
C22–Fe2–C16–C18 77.4(5)  
C21–Fe2–C16–C18 46.5(9)  
C14–Fe2–C16–C18 -81.6(4)  
C19–Fe2–C16–C18 160.5(4)  
C15–Fe2–C16–C18 -119.4(5)  
C20–Fe2–C16–C18 -167.5(6)  
C18–C16–C15–C14 -0.5(7)  
Fe2–C16–C15–C14 -59.5(4)  
C18–C16–C15–Fe2 59.0(4)  
C13–Fe2–C15–C14 36.9(4)  
C18–Fe2–C15–C14 -164.5(4)  
C22–Fe2–C15–C14 162.7(7)  
C21–Fe2–C15–C14 -47.7(9)  
C19–Fe2–C15–C14 -122.5(4)  
C20–Fe2–C15–C14 -80.4(4)  
C18–Fe2–C15–C14 81.1(4)  
C16–Fe2–C15–C14 118.9(5)  
C13–Fe2–C15–C16 -82.0(4)  
C18–Fe2–C15–C16 76.6(4)  
C22–Fe2–C15–C16 43.8(9)  
C21–Fe2–C15–C16 -166.6(7)  
C14–Fe2–C15–C16 -118.9(5)  
C19–Fe2–C15–C16 118.6(4)  
C20–Fe2–C15–C16 160.7(4)  
C18–Fe2–C15–C16 -37.8(4)  
C18–C13–C14–C15 -2.9(7)  
C12–C13–C14–C15 -178.0(6)  
Fe2–C13–C14–C15 58.2(4)  
  
 
413
C18–C13–C14–Fe2 -61.1(4)  
C12–C13–C14–Fe2 123.8(6)  
C16–C15–C14–C13 2.1(7)  
Fe2–C15–C14–C13 -57.4(4)  
C16–C15–C14–Fe2 59.6(4)  
C18–Fe2–C14–C13 162.2(7)  
C22–Fe2–C14–C13 -42.6(9)  
C21–Fe2–C14–C13 -77.9(5)  
C19–Fe2–C14–C13 -162.4(4)  
C15–Fe2–C14–C13 120.9(5)  
C20–Fe2–C14–C13 -120.2(4)  
C18–Fe2–C14–C13 38.7(4)  
C16–Fe2–C14–C13 82.9(4)  
C13–Fe2–C14–C15 -120.9(5)  
C18–Fe2–C14–C15 41.3(9)  
C22–Fe2–C14–C15 -163.6(7)  
C21–Fe2–C14–C15 161.2(4)  
C19–Fe2–C14–C15 76.6(5)  
C20–Fe2–C14–C15 118.8(4)  
C18–Fe2–C14–C15 -82.2(4)  
C16–Fe2–C14–C15 -38.0(4)  
C13–Fe2–C18–C22 -45.0(9)  
C21–Fe2–C18–C22 37.7(5)  
C14–Fe2–C18–C22 166.1(7)  
C19–Fe2–C18–C22 119.0(6)  
C15–Fe2–C18–C22 -162.9(4)  
C20–Fe2–C18–C22 81.4(5)  
C18–Fe2–C18–C22 -79.0(5)  
C16–Fe2–C18–C22 -121.3(5)  
C13–Fe2–C18–C19 -164.0(6)  
C22–Fe2–C18–C19 -119.0(6)  
C21–Fe2–C18–C19 -81.3(5)  
C14–Fe2–C18–C19 47.1(10)  
C15–Fe2–C18–C19 78.1(5)  
C20–Fe2–C18–C19 -37.6(4)  
C18–Fe2–C18–C19 162.0(4)  
C16–Fe2–C18–C19 119.7(4)  
C22–C18–C19–C20 -1.2(8)  
Fe2–C18–C19–C20 59.2(4)  
C22–C18–C19–Fe2 -60.3(5)  
C13–Fe2–C19–C18 161.6(7)  
C22–Fe2–C19–C18 37.7(4)  
C21–Fe2–C19–C18 81.5(5)  
C14–Fe2–C19–C18 -162.6(4)  
C15–Fe2–C19–C18 -120.9(4)  
  
 
414
C20–Fe2–C19–C18 119.3(6)  
C18–Fe2–C19–C18 -43.6(9)  
C16–Fe2–C19–C18 -78.4(5)  
C13–Fe2–C19–C20 42.3(10)  
C18–Fe2–C19–C20 -119.3(6)  
C22–Fe2–C19–C20 -81.6(5)  
C21–Fe2–C19–C20 -37.9(4)  
C14–Fe2–C19–C20 78.1(5)  
C15–Fe2–C19–C20 119.8(4)  
C18–Fe2–C19–C20 -162.9(7)  
C16–Fe2–C19–C20 162.3(4)  
C18–C19–C20–C21 1.0(7)  
Fe2–C19–C20–C21 59.6(5)  
C18–C19–C20–Fe2 -58.7(5)  
C13–Fe2–C20–C21 77.0(5)  
C18–Fe2–C20–C21 -81.1(4)  
C22–Fe2–C20–C21 -37.4(4)  
C14–Fe2–C20–C21 119.7(4)  
C19–Fe2–C20–C21 -118.7(6)  
C15–Fe2–C20–C21 162.3(4)  
C18–Fe2–C20–C21 42.1(10)  
C16–Fe2–C20–C21 -162.4(7)  
C13–Fe2–C20–C19 -164.2(4)  
C18–Fe2–C20–C19 37.6(4)  
C22–Fe2–C20–C19 81.3(5)  
C21–Fe2–C20–C19 118.7(6)  
C14–Fe2–C20–C19 -121.6(4)  
C15–Fe2–C20–C19 -79.0(5)  
C18–Fe2–C20–C19 160.8(7)  
C16–Fe2–C20–C19 -43.7(9)  
C19–C20–C21–C22 -0.5(8)  
Fe2–C20–C21–C22 59.1(5)  
C19–C20–C21–Fe2 -59.6(4)  
C13–Fe2–C21–C22 118.7(4)  
C18–Fe2–C21–C22 -37.6(4)  
C14–Fe2–C21–C22 160.8(4)  
C19–Fe2–C21–C22 -81.6(5)  
C15–Fe2–C21–C22 -164.1(7)  
C20–Fe2–C21–C22 -119.6(6)  
C18–Fe2–C21–C22 76.3(5)  
C16–Fe2–C21–C22 41.6(10)  
C13–Fe2–C21–C20 -121.7(4)  
C18–Fe2–C21–C20 82.0(4)  
C22–Fe2–C21–C20 119.6(6)  
C14–Fe2–C21–C20 -79.6(5)  
  
 
415
C19–Fe2–C21–C20 38.0(4)  
C15–Fe2–C21–C20 -44.5(9)  
C18–Fe2–C21–C20 -164.1(4)  
C16–Fe2–C21–C20 161.2(7)  
C19–C18–C22–C21 0.9(8)  
Fe2–C18–C22–C21 -59.5(5)  
C19–C18–C22–Fe2 60.4(5)  
C20–C21–C22–C18 -0.3(8)  
Fe2–C21–C22–C18 59.0(5)  
C20–C21–C22–Fe2 -59.3(5)  
C13–Fe2–C22–C18 161.3(4)  
C21–Fe2–C22–C18 -119.2(7)  
C14–Fe2–C22–C18 -167.3(7)  
C19–Fe2–C22–C18 -37.9(4)  
C15–Fe2–C22–C18 44.3(10)  
C20–Fe2–C22–C18 -81.8(5)  
C18–Fe2–C22–C18 118.8(4)  
C16–Fe2–C22–C18 76.9(5)  
C13–Fe2–C22–C21 -79.5(5)  
C18–Fe2–C22–C21 119.2(7)  
C14–Fe2–C22–C21 -48.2(10)  
C19–Fe2–C22–C21 81.3(5)  
C15–Fe2–C22–C21 163.4(7)  
C20–Fe2–C22–C21 37.4(4)  
C18–Fe2–C22–C21 -122.0(5)  
C16–Fe2–C22–C21 -164.0(4)  
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Table A.16.5.  Hydrogen bonds [Å and °] for di(N-(ferrocenylmethyl))-N-
methylammonium cyanoborohydride (42). 
 
 
D–H...A d(D–H) d(H...A) d(D...A) <(DHA)  
N1A–H1A...N1C 0.93 1.86 2.773(8) 166.3  
N1B–H1B...N1D 0.93 1.91 2.802(7) 159.2  
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Table A.17.1.  Positional Parameters and Equivalent U Values for the Refined 
Atoms of di(N-(ferrocenylmethyl))-N-methylamine (43). 
 
 
Atom x y z U(eq)  
Fe1 1816(1) 9208(1) 7968(1) 17(1)  
Fe2 1024(1) 10946(1) 10895(1)  17(1)  
N1 1424(7) 9167(3) 9517(1) 19(1)  
C1 1076(9) 9628(4) 9044(2) 26(1)  
C2 1970(9) 8830(4) 8669(2) 17(1)  
C3 672(9) 7964(4) 8422(2) 22(1)  
C4 4242(9) 8832(4) 8466(2) 22(1)  
C5 4317(10) 7998(4) 8109(2) 27(2)  
C6 2104(10) 7449(4) 8081(2) 22(1)  
C7 2770(30) 10174(13) 7380(6) 11(3)  
C8 2090(30) 10920(13) 7756(5) 16(3)  
C9 -310(30) 10658(12) 7880(4) 17(3)  
C10 -1100(20) 9713(12) 7578(5) 16(3)  
C11 790(20) 9456(11) 7274(4) 10(3)  
C7’ -930(20) 10191(12) 7766(5)  17(3)  
C8’ -30(30) 9561(12) 7396(5)  25(3)  
C9’ 2280(30) 9922(13) 7324(6)  24(3)  
C10’ 2880(20) 10737(12) 7677(5)  19(3)  
C11’ 830(20) 10910(10) 7941(4)  15(2)  
C12 683(10) 10069(4) 9852(2) 30(2)  
C13 1363(9) 9815(4) 10344(2) 17(1)  
C14 3543(11) 10036(4) 10552(2) 24(1)  
C15 3495(10) 9694(4) 11027(2) 24(1)  
C16 1254(9) 9244(4) 11120(2) 24(1)  
C17 -49(9) 9320(4) 10700(2) 20(1)  
C18 -1040(30) 11877(11) 11352(6)  24(3)  
C19 1330(30) 12257(11) 11380(5) 21(3)  
C20 1970(20) 12672(10) 10948(6) 18(3)  
C21 110(30) 12546(11) 10634(4) 19(3)  
C22 -1760(20) 12065(10) 10888(6) 18(3)  
C18’ 1210(30) 12664(12) 10710(6) 21(3)  
C19’  -1140(30) 12258(12) 10667(5) 19(3)  
C20’ -1830(30) 11853(11) 11125(6) 14(3)  
C21’ 60(30) 12010(12) 11431(5) 15(3)  
C22’ 1970(30) 12504(13) 11176(7) 21(3)  
C23 42(10) 8101(4) 9596(2) 30(2)  
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Table A.17.2.  Anisotropic Displacement Parameters (U Values) Refined for the 
Non-Hydrogen Atoms of di(N-(ferrocenylmethyl))-N-methylamine (43). 
 
 
Atom U11 U22 U33 U23 U13 U12  
Fe1 20(1) 18(1) 14(1) 1(1) -1(1) 1(1)  
Fe2 18(1) 15(1) 16(1) -2(1) 0(1) 0(1)  
N1 34(3) 12(2) 12(2) -5(2) -1(2) 2(3)  
C1 37(3) 26(3) 15(3) 0(2) 1(3) 4(3)  
C2 22(3) 21(3) 8(3) 2(2) 0(3) 0(3)  
C3 20(3) 24(3) 20(3) 10(3) -5(3) -4(3)  
C4 21(3) 30(3) 14(3) 6(3) -14(3) -7(3)  
C5 28(4) 29(3) 23(3) 7(3) 4(3) 16(3)  
C6 40(4) 13(3) 12(3) -3(2) -3(3) 3(3)  
C7 15(4) 11(5) 6(5) 6(3) -2(3) -5(3)  
C8 22(4) 13(4) 14(4) 1(3) -1(4) -2(4)  
C9 18(4) 16(5) 16(4) -1(3) -2(3) 5(4)  
C10 14(4) 18(5) 16(5) -1(3) 4(3) 0(3)  
C11 8(4) 14(4) 7(4) 5(3) -1(3) -1(3)  
C7’ 18(3) 15(5) 18(4) 8(3) -1(3) -5(3)  
C8’ 24(4) 26(5) 23(5) -2(3) -5(3) -2(3)  
C9’ 29(4) 28(5) 14(4) 1(3) 4(3) -4(4)  
C10’ 15(3) 18(5) 23(5) 0(3) 4(3) 1(3)  
C11’ 10(4) 13(4) 23(4) 3(3) 0(3) 2(3)  
C12 45(4) 29(3) 15(3) 1(3) -2(3) 7(3)  
C13 22(3) 15(3) 14(3) -5(2) 0(3) 4(2)  
C14 20(3) 17(3) 34(3) -5(2) 7(3) -1(2)  
C15 32(4) 18(3) 21(3) -7(2) -8(3) 7(3)  
C16 40(4) 16(3) 17(3) 7(3) 2(3) 5(3)  
C17 15(3) 17(3) 28(3) -4(3) 3(2) -3(3)  
C18 25(4) 24(5) 24(4) 2(4) 2(3) -2(4)  
C19 26(4) 19(5) 19(3) -2(3) -3(3) -1(4)  
C20 24(3) 10(4) 21(4) 0(4) -6(3) -7(3)  
C21 15(4) 20(5) 21(3) 0(3) -2(3) 2(4)  
C22 15(3) 17(4) 24(4) -4(4) 2(3) 5(3)  
C18’ 24(4) 19(5) 21(4) 0(4) 3(3) -3(4)  
C19’ 21(4) 21(5) 16(4) 1(4) -3(3) 2(4)  
C20’ 16(4) 10(5) 15(5) -3(4) -3(3) -1(4)  
C21’ 14(5) 16(5) 14(3) -5(4) -2(3) 3(4)  
C22’ 20(4) 22(5) 22(5) -5(4) -2(3) -8(4)  
C23 42(4) 28(3) 20(3) -2(3) -1(3) 4(3)  
 
The form of the anisotropic displacement expression is: 
-2π2[h2a*2U11 + ... + 2hka*b*U12] 
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Table A.17.3.  Positional Parameters and U Values for the Hydrogen Atoms of 
di(N-(ferrocenylmethyl))-N-methylamine (43). 
 
 
Atom x y z U(eq)  
H1A 1862 10376 9018 31  
H1B -577 9761 8994 31  
H3 -878 7771 8477 26  
H4 5473 9309 8557 26  
H5 5600 7831 7921 32  
H6 1680 6857 7875 26  
H7 4210 10156 7232 13  
H8 3030 11480 7898 20  
H9 -1177 11027 8112 20  
H10 -2555 9352 7583 19  
H11 747 8897 7038 11  
H7' -2450 10144 7879 21  
H8' -820 8995 7223 30  
H9' 3251 9669 7085 28  
H10' 4322 11085 7725 22  
H11' 678 11422 8192 18  
H12A -999 10148 9836 36  
H12B 1361 10810 9760 36  
H14 4824 10359 10400 28  
H15 4717 9754 11240 29  
H16 727 8952 11405 29  
H17 -1589 9083 10663 24  
H18 -1939 11569 11594 29  
H19 2280 12227 11644 26  
H20 3415 12990 10875 22  
H21 108 12743 10319 22  
H22 -3225 11896 10768 22  
H18' 2091 12983 10469 25  
H19' -2048 12256 10398 23  
H20' -3273 11541 11203 17  
H21' 71 11824 11748 18  
H22' 3436 12686 11294 26  
H23A -1573 8261 9535 45  
H23B 220 7854 9915 45  
H23C 577 7494 9391 45  
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Table A.17.4.  Torsion Angles [°] for di(N-(ferrocenylmethyl))-N-methylamine (43). 
 
 
C2–C1–N1–C12 174.8(4)  
C2–C1–N1–C22 -65.5(5)  
C8’–Fe1–C7–C8 100.0(10)  
C7’–Fe1–C7–C8 59.7(8)  
C3–Fe1–C7–C8 151.8(17)  
C5–Fe1–C7–C8 -130.6(8)  
C11’–Fe1–C7–C8 16.7(7)  
C10’–Fe1–C7–C8 -20.0(11)  
C4–Fe1–C7–C8 -87.5(9)  
C9’–Fe1–C7–C8 130(4)  
C6–Fe1–C7–C8 -172.3(7)  
C2–Fe1–C7–C8 -49.7(15)  
C9–Fe1–C7–C8 38.3(7)  
C11–Fe1–C7–C8 118.0(11)  
C10–Fe1–C7–C8 82.5(8)  
C8’–Fe1–C7–C11 -17.9(7)  
C7’–Fe1–C7–C11 -58.3(7)  
C3–Fe1–C7–C11 34(2)  
C5–Fe1–C7–C11 111.4(7)  
C11’–Fe1–C7–C11 -101.3(8)  
C10’–Fe1–C7–C11 -138.0(15)  
C4–Fe1–C7–C11 154.5(6)  
C9’–Fe1–C7–C11 12(4)  
C6–Fe1–C7–C11 69.7(9)  
C2–Fe1–C7–C11 -167.7(8)  
C8–Fe1–C7–C11 -118.0(11)  
C9–Fe1–C7–C11 -79.7(8)  
C10–Fe1–C7–C11 -35.5(7)  
C11–C7–C8–C9 0.0(16)  
Fe1–C7–C8–C9 -60.2(10)  
C11–C7–C8–Fe1 60.2(9)  
C8’–Fe1–C8–C7 -56.2(8)  
C7’–Fe1–C8–C7 -100.8(9)  
C3–Fe1–C8–C7 -165.8(8)  
C5–Fe1–C8–C7 70.7(10)  
C11’–Fe1–C8–C7 -143.6(16)  
C10’–Fe1–C8–C7 41(2)  
C4–Fe1–C8–C7 112.0(8)  
C9’–Fe1–C8–C7 -12.3(10)  
C6–Fe1–C8–C7 30(2)  
C2–Fe1–C8–C7 156.4(8)  
C9–Fe1–C8–C7 -118.9(11)  
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C11–Fe1–C8–C7 -38.2(8)  
C10–Fe1–C8–C7 -81.1(9)  
C8’–Fe1–C8–C9 62.7(7)  
C7’–Fe1–C8–C9 18.1(7)  
C3–Fe1–C8–C9 -46.9(12)  
C5–Fe1–C8–C9 -170.4(6)  
C11’–Fe1–C8–C9 -24.7(11)  
C10’–Fe1–C8–C9 160(3)  
C4–Fe1–C8–C9 -129.1(7)  
C9’–Fe1–C8–C9 106.7(10)  
C6–Fe1–C8–C9 148.6(18)  
C2–Fe1–C8–C9 -84.7(8)  
C7–Fe1–C8–C9 118.9(11)  
C11–Fe1–C8–C9 80.8(8)  
C10–Fe1–C8–C9 37.9(7)  
C7–C8–C9–C10 1.0(15)  
Fe1–C8–C9–C10 -59.7(8)  
C7–C8–C9–Fe1 60.7(10)  
C8’–Fe1–C9–C8 -94.0(9)  
C7’–Fe1–C9–C8 -131.8(19)  
C3–Fe1–C9–C8 157.1(7)  
C5–Fe1–C9–C8 44(2)  
C11’–Fe1–C9–C8 30.6(15)  
C10’–Fe1–C9–C8 -6.4(9)  
C4–Fe1–C9–C8 73.9(8)  
C9’–Fe1–C9–C8 -50.3(8)  
C6–Fe1–C9–C8 -167.8(7)  
C2–Fe1–C9–C8 113.6(7)  
C7–Fe1–C9–C8 -37.5(7)  
C11–Fe1–C9–C8 -81.0(8)  
C10–Fe1–C9–C8 -119.1(10)  
C8’–Fe1–C9–C10 25.1(7)  
C7’–Fe1–C9–C10 -12.7(15)  
C3–Fe1–C9–C10 -83.8(7)  
C5–Fe1–C9–C10 162.6(19)  
C11’–Fe1–C9–C10 149.7(19)  
C10’–Fe1–C9–C10 112.7(9)  
C4–Fe1–C9–C10 -167.0(6)  
C9’–Fe1–C9–C10 68.8(7)  
C6–Fe1–C9–C10 -48.7(11)  
C2–Fe1–C9–C10 -127.3(7)  
C8–Fe1–C9–C10 119.1(10)  
C7–Fe1–C9–C10 81.6(8)  
C11–Fe1–C9–C10 38.1(7)  
C8–C9–C10–C11 -1.6(13)  
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Fe1–C9–C10–C11 -60.5(8)  
C8–C9–C10–Fe1 58.8(9)  
C8’–Fe1–C10–C11 -0.7(15)  
C7’–Fe1–C10–C11 129.2(17)  
C3–Fe1–C10–C11 -130.3(7)  
C5–Fe1–C10–C11 -56.7(10)  
C11’–Fe1–C10–C11 105.3(8)  
C10’–Fe1–C10–C11 65.9(7)  
C4–Fe1–C10–C11 170.5(16)  
C9’–Fe1–C10–C11 25.8(7)  
C6–Fe1–C10–C11 -88.3(7)  
C2–Fe1–C10–C11 -169.7(6)  
C8–Fe1–C10–C11 79.2(7)  
C9–Fe1–C10–C11 117.2(10)  
C7–Fe1–C10–C11 35.8(7)  
C8’–Fe1–C10–C9 -117.9(17)  
C7’–Fe1–C10–C9 11.9(14)  
C3–Fe1–C10–C9 112.5(7)  
C5–Fe1–C10–C9 -173.9(7)  
C11’–Fe1–C10–C9 -11.9(7)  
C10’–Fe1–C10–C9 -51.3(7)  
C4–Fe1–C10–C9 53(2)  
C9’–Fe1–C10–C9 -91.5(8)  
C6–Fe1–C10–C9 154.5(7)  
C2–Fe1–C10–C9 73.1(8)  
C8–Fe1–C10–C9 -38.0(7)  
C7–Fe1–C10–C9 -81.4(8)  
C11–Fe1–C10–C9 -117.2(10)  
C9–C10–C11–C7 1.7(14)  
Fe1–C10–C11–C7 -58.0(9)  
C9–C10–C11–Fe1 59.6(8)  
C8–C7–C11–C10 -1.1(15)  
Fe1–C7–C11–C10 58.3(9)  
C8–C7–C11–Fe1 -59.3(10)  
C8’–Fe1–C11–C10 1(2)  
C7’–Fe1–C11–C10 -20.2(6)  
C3–Fe1–C11–C10 67.6(8)  
C5–Fe1–C11–C10 150.6(7)  
C11’–Fe1–C11–C10 -58.9(7)  
C10’–Fe1–C11–C10 -100.7(7)  
C4–Fe1–C11–C10 -175.7(8)  
C9’–Fe1–C11–C10 -127.5(14)  
C6–Fe1–C11–C10 107.7(7)  
C2–Fe1–C11–C10 34.5(18)  
C8–Fe1–C11–C10 -84.1(7)  
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C9–Fe1–C11–C10 -39.3(6)  
C7–Fe1–C11–C10 -122.4(10)  
C8’–Fe1–C11–C7 123(2)  
C7’–Fe1–C11–C7 102.1(8)  
C3–Fe1–C11–C7 -170.1(7)  
C5–Fe1–C11–C7 -87.0(8)  
C11’–Fe1–C11–C7 63.4(8)  
C10’–Fe1–C11–C7 21.7(8)  
C4–Fe1–C11–C7 -53.3(11)  
C9’–Fe1–C11–C7 -5.1(16)  
C6–Fe1–C11–C7 -129.9(8)  
C2–Fe1–C11–C7 156.9(14)  
C8–Fe1–C11–C7 38.3(8)  
C9–Fe1–C11–C7 83.1(8)  
C10–Fe1–C11–C7 122.4(10)  
C3–Fe1–C7’–C8’ -114.0(8)  
C5–Fe1–C7’–C8’ -46(2)  
C11’–Fe1–C7’–C8’ 119.7(10)  
C10’–Fe1–C7’–C8’ 82.9(8)  
C4–Fe1–C7’–C8’ 167.6(8)  
C9’–Fe1–C7’–C8’ 38.7(7)  
C6–Fe1–C7’–C8’ -74.7(8)  
C2–Fe1–C7’–C8’ -157.7(7)  
C8–Fe1–C7’–C8’ 93.0(8)  
C9–Fe1–C7’–C8’ 129.2(18)  
C7–Fe1–C7’–C8’ 50.9(8)  
C11–Fe1–C7’–C8’ 9.2(9)  
C10–Fe1–C7’–C8’ -27.8(14)  
C8’–Fe1–C7’–C11’ -119.7(9)  
C3–Fe1–C7’–C11’ 126.3(6)  
C5–Fe1–C7’–C11’ -165.5(18)  
C10’–Fe1–C7’–C11’ -36.8(6)  
C4–Fe1–C7’–C11’ 47.9(10)  
C9’–Fe1–C7’–C11’ -81.0(7)  
C6–Fe1–C7’–C11’ 165.6(5)  
C2–Fe1–C7’–C11’ 82.5(7)  
C8–Fe1–C7’–C11’ -26.7(6)  
C9–Fe1–C7’–C11’ 9.5(16)  
C7–Fe1–C7’–C11’ -68.8(7)  
C11–Fe1–C7’–C11’ -110.5(8)  
C10–Fe1–C7’–C11’ -147.5(17)  
C11’–C7’–C8’–C9’ -2.6(14)  
Fe1–C7’–C8’–C9’ -61.9(10)  
C11’–C7’–C8’–Fe1 59.3(8)  
C3–Fe1–C8’–C7’ 84.3(8)  
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C5–Fe1–C8’–C7’ 170.5(6)  
C11’–Fe1–C8’–C7’ -37.3(6)  
C10’–Fe1–C8’–C7’ -81.0(7)  
C4–Fe1–C8’–C7’ -144.5(19)  
C9’–Fe1–C8’–C7’ -117.7(11)  
C6–Fe1–C8’–C7’ 128.3(7)  
C2–Fe1–C8’–C7’ 43.6(12)  
C8–Fe1–C8’–C7’ -64.7(7)  
C9–Fe1–C8’–C7’ -19.2(7)  
C7–Fe1–C8’–C7’ -108.6(9)  
C11–Fe1–C8’–C7’ -153(3)  
C10–Fe1–C8’–C7’ 25.9(12)  
C7’–Fe1–C8’–C9’ 117.7(11)  
C3–Fe1–C8’–C9’ -158.1(7)  
C5–Fe1–C8’–C9’ -71.8(10)  
C11’–Fe1–C8’–C9’ 80.4(8)  
C10’–Fe1–C8’–C9’ 36.7(8)  
C4–Fe1–C8’–C9’ -27(3)  
C6–Fe1–C8’–C9’ -114.0(8)  
C2–Fe1–C8’–C9’ 161.3(8)  
C8–Fe1–C8’–C9’ 52.9(9)  
C9–Fe1–C8’–C9’ 98.5(10)  
C7–Fe1–C8’–C9’ 9.1(11)  
C11–Fe1–C8’–C9’ -35(2)  
C10–Fe1–C8’–C9’ 143.6(19)  
C7’–C8’–C9’–C10’ 4.0(16)  
Fe1–C8’–C9’–C10’ -57.7(10)  
C7’–C8’–C9’–Fe1 61.8(9)  
C7’–Fe1–C9’–C8’ -38.3(7)  
C3–Fe1–C9’–C8’ 48.4(15)  
C5–Fe1–C9’–C8’ 131.3(8)  
C11’–Fe1–C9’–C8’ -82.1(8)  
C10’–Fe1–C9’–C8’ -121.2(12)  
C4–Fe1–C9’–C8’ 173.5(7)  
C6–Fe1–C9’–C8’ 87.1(9)  
C2–Fe1–C9’–C8’ -143.0(16)  
C8–Fe1–C9’–C8’ -102.5(11)  
C9–Fe1–C9’–C8’ -60.1(8)  
C7–Fe1–C9’–C8’ -144(5)  
C11–Fe1–C9’–C8’ 20.0(11)  
C10–Fe1–C9’–C8’ -15.5(8)  
C8’–Fe1–C9’–C10’ 121.2(12)  
C7’–Fe1–C9’–C10’ 82.9(8)  
C3–Fe1–C9’–C10’ 169.6(8)  
C5–Fe1–C9’–C10’ -107.5(8)  
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C11’–Fe1–C9’–C10’ 39.1(6)  
C4–Fe1–C9’–C10’ -65.3(9)  
C6–Fe1–C9’–C10’ -151.7(6)  
C2–Fe1–C9’–C10’ -22(2)  
C8–Fe1–C9’–C10’ 18.8(7)  
C9–Fe1–C9’–C10’ 61.2(7)  
C7–Fe1–C9’–C10’ -23(4)  
C11–Fe1–C9’–C10’ 141.3(16)  
C10–Fe1–C9’–C10’ 105.7(9)  
C8’–C9’–C10’–C11’ -3.8(16)  
Fe1–C9’–C10’–C11’ -60.7(8)  
C8’–C9’–C10’–Fe1 56.9(10)  
C8’–Fe1–C10’–C11’ 79.9(7)  
C7’–Fe1–C10’–C11’ 36.6(6)  
C3–Fe1–C10’–C11’ -47.0(16)  
C5–Fe1–C10’–C11’ -152.0(6)  
C4–Fe1–C10’–C11’ -110.5(6)  
C9’–Fe1–C10’–C11’ 116.5(10)  
C6–Fe1–C10’–C11’ 177.8(7)  
C2–Fe1–C10’–C11’ -70.4(7)  
C8–Fe1–C10’–C11’ 3(2)  
C9–Fe1–C10’–C11’ 19.0(7)  
C7–Fe1–C10’–C11’ 125.7(14)  
C11–Fe1–C10’–C11’ 97.3(7)  
C10–Fe1–C10’–C11’ 57.2(6)  
C8’–Fe1–C10’–C9’ -36.6(8)  
C7’–Fe1–C10’–C9’ -79.9(8)  
C3–Fe1–C10’–C9’ -163.5(13)  
C5–Fe1–C10’–C9’ 91.5(9)  
C11’–Fe1–C10’–C9’ -116.5(10)  
C4–Fe1–C10’–C9’ 133.0(8)  
C6–Fe1–C10’–C9’ 61.3(12)  
C2–Fe1–C10’–C9’ 173.1(8)  
C8–Fe1–C10’–C9’ -114(3)  
C9–Fe1–C10’–C9’ -97.5(9)  
C7–Fe1–C10’–C9’ 9.2(15)  
C11–Fe1–C10’–C9’ -19.2(8)  
C10–Fe1–C10’–C9’ -59.2(8)  
C8’–C7’–C11’–C10’ 0.1(13)  
Fe1–C7’–C11’–C10’ 58.5(8)  
C8’–C7’–C11’–Fe1 -58.4(8)  
C9’–C10’–C11’–C7’ 2.3(14)  
Fe1–C10’–C11’–C7’ -58.4(8)  
C9’–C10’–C11’–Fe1 60.7(9)  
C8’–Fe1–C11’–C7’ 37.3(6)  
  
 
426
C3–Fe1–C11’–C7’ -74.0(7)  
C5–Fe1–C11’–C7’ 175.2(7)  
C10’–Fe1–C11’–C7’ 120.8(9)  
C4–Fe1–C11’–C7’ -154.5(6)  
C9’–Fe1–C11’–C7’ 81.5(7)  
C6–Fe1–C11’–C7’ -54.8(17)  
C2–Fe1–C11’–C7’ -112.3(7)  
C8–Fe1–C11’–C7’ 119.1(14)  
C9–Fe1–C11’–C7’ -9.3(15)  
C7–Fe1–C11’–C7’ 93.4(7)  
C11–Fe1–C11’–C7’ 52.7(6)  
C10–Fe1–C11’–C7’ 13.3(7)  
C8’–Fe1–C11’–C10’ -83.6(7)  
C7’–Fe1–C11’–C10’ -120.8(9)  
C3–Fe1–C11’–C10’ 165.2(6)  
C5–Fe1–C11’–C10’ 54.4(9)  
C4–Fe1–C11’–C10’ 84.6(7)  
C9’–Fe1–C11’–C10’ -39.3(7)  
C6–Fe1–C11’–C10’ -175.6(15)  
C2–Fe1–C11’–C10’ 126.8(6)  
C8–Fe1–C11’–C10’ -1.7(14)  
C9–Fe1–C11’–C10’ -130.2(18)  
C7–Fe1–C11’–C10’ -27.4(7)  
C11–Fe1–C11’–C10’ -68.1(7)  
C10–Fe1–C11’–C10’ -107.6(8)  
C22’–Fe2–C18–C22 99.0(8)  
C14–Fe2–C18–C22 157.2(17)  
C21’–Fe2–C18–C22 132(2)  
C17–Fe2–C18–C22 -87.2(8)  
C21–Fe2–C18–C22 37.2(6)  
C18’–Fe2–C18–C22 57.0(7)  
C20’–Fe2–C18–C22 -19.6(15)  
C19–Fe2–C18–C22 117.7(9)  
C13–Fe2–C18–C22 -50.3(11)  
C15–Fe2–C18–C22 -170.7(6)  
C20–Fe2–C18–C22 80.7(7)  
C16–Fe2–C18–C22 -130.6(7)  
C19’–Fe2–C18–C22 14.4(7)  
C22’–Fe2–C18–C19 -18.7(7)  
C14–Fe2–C18–C19 39(2)  
C21’–Fe2–C18–C19 14.5(18)  
C17–Fe2–C18–C19 155.1(7)  
C22–Fe2–C18–C19 -117.7(9)  
C21–Fe2–C18–C19 -80.5(7)  
C18’–Fe2–C18–C19 -60.7(7)  
  
 
427
C20’–Fe2–C18–C19 -137.4(18)  
C13–Fe2–C18–C19 -168.0(7)  
C15–Fe2–C18–C19 71.6(8)  
C20–Fe2–C18–C19 -37.0(6)  
C16–Fe2–C18–C19 111.7(7)  
C19’–Fe2–C18–C19 -103.4(8)  
C22–C18–C19–C20 1.1(13)  
Fe2–C18–C19–C20 60.8(8)  
C22–C18–C19–Fe2 -59.7(8)  
C22’–Fe2–C19–C20 13.2(18)  
C14–Fe2–C19–C20 71.2(9)  
C21’–Fe2–C19–C20 -131.0(18)  
C17–Fe2–C19–C20 -169.8(8)  
C22–Fe2–C19–C20 -80.3(7)  
C21–Fe2–C19–C20 -36.6(7)  
C18’–Fe2–C19–C20 -17.9(8)  
C20’–Fe2–C19–C20 -100.9(8)  
C13–Fe2–C19–C20 35(2)  
C15–Fe2–C19–C20 111.9(8)  
C16–Fe2–C19–C20 154.8(8)  
C19’–Fe2–C19–C20 -59.1(7)  
C18–Fe2–C19–C20 -118.4(10)  
C22’–Fe2–C19–C18 132(2)  
C14–Fe2–C19–C18 -170.4(7)  
C21’–Fe2–C19–C18 -12.6(15)  
C17–Fe2–C19–C18 -51.4(11)  
C22–Fe2–C19–C18 38.0(6)  
C21–Fe2–C19–C18 81.7(7)  
C18’–Fe2–C19–C18 100.4(8)  
C20’–Fe2–C19–C18 17.4(7)  
C13–Fe2–C19–C18 153.0(16)  
C15–Fe2–C19–C18 -129.7(7)  
C20–Fe2–C19–C18 118.4(10)  
C16–Fe2–C19–C18 -86.8(8)  
C19’–Fe2–C19–C18 59.3(7)  
C18–C19–C20–C21 -1.8(13)  
Fe2–C19–C20–C21 58.6(8)  
C18–C19–C20–Fe2 -60.4(8)  
C22’–Fe2–C20–C19 -14(2)  
C14–Fe2–C20–C19 -129.2(8)  
C21’–Fe2–C20–C19 20.4(7)  
C17–Fe2–C20–C19 156.2(17)  
C22–Fe2–C20–C19 82.4(8)  
C21–Fe2–C20–C19 121.0(10)  
C18’–Fe2–C20–C19 137.9(19)  
  
 
428
C20’–Fe2–C20–C19 61.7(7)  
C13–Fe2–C20–C19 -170.4(7)  
C15–Fe2–C20–C19 -85.6(8)  
C16–Fe2–C20–C19 -49.6(12)  
C19’–Fe2–C20–C19 104.6(9)  
C18–Fe2–C20–C19 38.7(7)  
C22’–Fe2–C20–C21 -136(2)  
C14–Fe2–C20–C21 109.7(8)  
C21’–Fe2–C20–C21 -100.6(8)  
C17–Fe2–C20–C21 35(2)  
C22–Fe2–C20–C21 -38.6(6)  
C18’–Fe2–C20–C21 16.8(16)  
C20’–Fe2–C20–C21 -59.4(7)  
C19–Fe2–C20–C21 -121.0(10)  
C13–Fe2–C20–C21 68.6(8)  
C15–Fe2–C20–C21 153.4(7)  
C16–Fe2–C20–C21 -170.7(8)  
C19’–Fe2–C20–C21 -16.4(7)  
C18–Fe2–C20–C21 -82.3(7)  
C19–C20–C21–C22 1.7(13)  
Fe2–C20–C21–C22 60.7(8)  
C19–C20–C21–Fe2 -59.0(8)  
C22’–Fe2–C21–C20 16.3(8)  
C14–Fe2–C21–C20 -88.4(8)  
C21’–Fe2–C21–C20 59.6(7)  
C17–Fe2–C21–C20 -171.0(7)  
C22–Fe2–C21–C20 117.3(9)  
C18’–Fe2–C21–C20 -20.0(19)  
C20’–Fe2–C21–C20 102.3(8)  
C19–Fe2–C21–C20 35.8(6)  
C13–Fe2–C21–C20 -131.2(7)  
C15–Fe2–C21–C20 -53.1(11)  
C16–Fe2–C21–C20 157.2(17)  
C19’–Fe2–C21–C20 140.5(18)  
C18–Fe2–C21–C20 80.2(7)  
C22’–Fe2–C21–C22 -101.0(9)  
C14–Fe2–C21–C22 154.3(7)  
C21’–Fe2–C21–C22 -57.6(7)  
C17–Fe2–C21–C22 71.7(8)  
C18’–Fe2–C21–C22 -137(2)  
C20’–Fe2–C21–C22 -15.0(7)  
C19–Fe2–C21–C22 -81.5(7)  
C13–Fe2–C21–C22 111.5(8)  
C15–Fe2–C21–C22 -170.3(7)  
C20–Fe2–C21–C22 -117.3(9)  
  
 
429
C16–Fe2–C21–C22 40(2)  
C19’–Fe2–C21–C22 23.3(15)  
C18–Fe2–C21–C22 -37.1(6)  
C20–C21–C22–C18 -0.9(13)  
Fe2–C21–C22–C18 60.1(8)  
C20–C21–C22–Fe2 -61.0(8)  
C19–C18–C22–C21 -0.1(13)  
Fe2–C18–C22–C21 -59.7(8)  
C19–C18–C22–Fe2 59.5(8)  
C22’–Fe2–C22–C21 58.6(7)  
C14–Fe2–C22–C21 -51.1(11)  
C21’–Fe2–C22–C21 102.2(8)  
C17–Fe2–C22–C21 -129.3(7)  
C18’–Fe2–C22–C21 15.7(8)  
C20’–Fe2–C22–C21 141(2)  
C19–Fe2–C22–C21 81.0(7)  
C13–Fe2–C22–C21 -85.7(8)  
C15–Fe2–C22–C21 156.5(15)  
C20–Fe2–C22–C21 38.4(6)  
C16–Fe2–C22–C21 -170.1(6)  
C19’–Fe2–C22–C21 -24.5(16)  
C18–Fe2–C22–C21 119.8(9)  
C22’–Fe2–C22–C18 -61.1(7)  
C14–Fe2–C22–C18 -170.9(8)  
C21’–Fe2–C22–C18 -17.5(8)  
C17–Fe2–C22–C18 111.0(8)  
C21–Fe2–C22–C18 -119.8(9)  
C18’–Fe2–C22–C18 -104.1(8)  
C20’–Fe2–C22–C18 21.5(16)  
C19–Fe2–C22–C18 -38.8(6)  
C13–Fe2–C22–C18 154.6(7)  
C15–Fe2–C22–C18 37(2)  
C20–Fe2–C22–C18 -81.3(7)  
C16–Fe2–C22–C18 70.2(8)  
C19’–Fe2–C22–C18 -144.2(19)  
C14–Fe2–C18’–C22’ -108.9(9)  
C21’–Fe2–C18’–C22’ 38.8(8)  
C17–Fe2–C18’–C22’ 173.2(8)  
C22–Fe2–C18’–C22’ 99.9(9)  
C21–Fe2–C18’–C22’ 132(2)  
C20’–Fe2–C18’–C22’ 82.2(9)  
C19–Fe2–C18’–C22’ 16.5(8)  
C13–Fe2–C18’–C22’ -152.2(9)  
C15–Fe2–C18’–C22’ -69.7(10)  
C20–Fe2–C18’–C22’ -13.5(16)  
  
 
430
C16–Fe2–C18’–C22’ -44(4)  
C19’–Fe2–C18’–C22’ 120.8(11)  
C18–Fe2–C18’–C22’ 59.0(8)  
C22’–Fe2–C18’–C19’ -120.8(11)  
C14–Fe2–C18’–C19’ 130.3(8)  
C21’–Fe2–C18’–C19’ -82.0(8)  
C17–Fe2–C18’–C19’ 52.4(12)  
C22–Fe2–C18’–C19’ -20.9(7)  
C21–Fe2–C18’–C19’ 11.2(18)  
C20’–Fe2–C18’–C19’ -38.5(7)  
C19–Fe2–C18’–C19’ -104.3(9)  
C13–Fe2–C18’–C19’ 87.0(9)  
C15–Fe2–C18’–C19’ 169.5(7)  
C20–Fe2–C18’–C19’ -134.3(19)  
C16–Fe2–C18’–C19’ -164(3)  
C18–Fe2–C18’–C19’ -61.8(7)  
C22’–C18’–C19’–C20’ 0.7(15)  
Fe2–C18’–C19’–C20’ 59.1(9)  
C22’–C18’–C19’–Fe2 -58.4(10)  
C22’–Fe2–C19’–C18’ 36.8(7)  
C14–Fe2–C19’–C18’ -71.2(9)  
C21’–Fe2–C19’–C18’ 81.1(8)  
C17–Fe2–C19’–C18’ -150.8(8)  
C22–Fe2–C19’–C18’ 125.7(19)  
C21–Fe2–C19’–C18’ -9.6(16)  
C20’–Fe2–C19’–C18’ 118.2(10)  
C19–Fe2–C19’–C18’ 58.2(7)  
C13–Fe2–C19’–C18’ -108.3(9)  
C15–Fe2–C19’–C18’ -56(3)  
C20–Fe2–C19’–C18’ 19.0(7)  
C16–Fe2–C19’–C18’ 176.4(8)  
C18–Fe2–C19’–C18’ 99.5(8)  
C22’–Fe2–C19’–C20’ -81.5(7)  
C14–Fe2–C19’–C20’ 170.5(7)  
C21’–Fe2–C19’–C20’ -37.1(7)  
C17–Fe2–C19’–C20’ 91.0(8)  
C22–Fe2–C19’–C20’ 7.5(16)  
C21–Fe2–C19’–C20’ -127.9(18)  
C18’–Fe2–C19’–C20’ -118.2(10)  
C19–Fe2–C19’–C20’ -60.1(7)  
C13–Fe2–C19’–C20’ 133.5(8)  
C15–Fe2–C19’–C20’ -174(2)  
C20–Fe2–C19’–C20’ -99.3(8)  
C16–Fe2–C19’–C20’ 58.2(10)  
C18–Fe2–C19’–C20’ -18.7(7)  
  
 
431
C18’–C19’–C20’–C21’ -0.1(15)  
Fe2–C19’–C20’–C21’ 58.9(9)  
C18’–C19’–C20’–Fe2 -59.1(9)  
C22’–Fe2–C20’–C21’ -37.7(7)  
C14–Fe2–C20’–C21’ -163(2)  
C17–Fe2–C20’–C21’ 135.0(9)  
C22–Fe2–C20’–C21’ -127(2)  
C21–Fe2–C20’–C21’ -98.8(8)  
C18’–Fe2–C20’–C21’ -81.4(8)  
C19–Fe2–C20’–C21’ -17.2(8)  
C13–Fe2–C20’–C21’ 174.7(8)  
C15–Fe2–C20’–C21’ 58.4(11)  
C20–Fe2–C20’–C21’ -57.6(7)  
C16–Fe2–C20’–C21’ 92.0(9)  
C19’–Fe2–C20’–C21’ -119.7(10)  
C18–Fe2–C20’–C21’ 14.0(15)  
C22’–Fe2–C20’–C19’ 82.0(7)  
C14–Fe2–C20’–C19’ -43(2)  
C21’–Fe2–C20’–C19’ 119.7(10)  
C17–Fe2–C20’–C19’ -105.3(8)  
C22–Fe2–C20’–C19’ -7.8(16)  
C21–Fe2–C20’–C19’ 20.9(7)  
C18’–Fe2–C20’–C19’ 38.2(7)  
C19–Fe2–C20’–C19’ 102.5(8)  
C13–Fe2–C20’–C19’ -65.6(9)  
C15–Fe2–C20’–C19’ 178.1(8)  
C20–Fe2–C20’–C19’ 62.1(7)  
C16–Fe2–C20’–C19’ -148.4(8)  
C18–Fe2–C20’–C19’ 133.7(18)  
C19’–C20’–C21’–C22’ -0.5(15)  
Fe2–C20’–C21’–C22’ 58.7(10)  
C19’–C20’–C21’–Fe2 -59.2(9)  
C22’–Fe2–C21’–C20’ 120.1(10)  
C14–Fe2–C21’–C20’ 173.7(8)  
C17–Fe2–C21’–C20’ -65.1(9)  
C22–Fe2–C21’–C20’ 19.7(7)  
C21–Fe2–C21’–C20’ 61.6(7)  
C18’–Fe2–C21’–C20’ 81.9(8)  
C19–Fe2–C21’–C20’ 138.6(19)  
C13–Fe2–C21’–C20’ -23(3)  
C15–Fe2–C21’–C20’ -149.3(8)  
C20–Fe2–C21’–C20’ 103.6(8)  
C16–Fe2–C21’–C20’ -105.9(8)  
C19’–Fe2–C21’–C20’ 37.9(7)  
C18–Fe2–C21’–C20’ -16.0(18)  
  
 
432
C14–Fe2–C21’–C22’ 53.6(12)  
C17–Fe2–C21’–C22’ 174.8(8)  
C22–Fe2–C21’–C22’ -100.4(8)  
C21–Fe2–C21’–C22’ -58.5(7)  
C18’–Fe2–C21’–C22’ -38.2(7)  
C20’–Fe2–C21’–C22’ -120.1(10)  
C19–Fe2–C21’–C22’ 18.5(15)  
C13–Fe2–C21’–C22’ -143(2)  
C15–Fe2–C21’–C22’ 90.6(9)  
C20–Fe2–C21’–C22’ -16.5(8)  
C16–Fe2–C21’–C22’ 134.1(9)  
C19’–Fe2–C21’–C22’ -82.2(8)  
C18–Fe2–C21’–C22’ -136(2)  
C19’–C18’–C22’–C21’ -1.0(16)  
Fe2–C18’–C22’–C21’ -59.9(9)  
C19’–C18’–C22’–Fe2 58.9(10)  
C20’–C21’–C22’–C18’ 0.9(15)  
Fe2–C21’–C22’–C18’ 60.2(10)  
C20’–C21’–C22’–Fe2 -59.3(9)  
C14–Fe2–C22’–C18’ 89.1(9)  
C21’–Fe2–C22’–C18’ -118.1(11)  
C17–Fe2–C22’–C18’ -149(3)  
C22–Fe2–C22’–C18’ -59.6(8)  
C21–Fe2–C22’–C18’ -17.3(8)  
C20’–Fe2–C22’–C18’ -81.2(8)  
C19–Fe2–C22’–C18’ -138(2)  
C13–Fe2–C22’–C18’ 50.7(13)  
C15–Fe2–C22’–C18’ 133.1(9)  
C20–Fe2–C22’–C18’ 16.0(19)  
C16–Fe2–C22’–C18’ 173.0(8)  
C19’–Fe2–C22’–C18’ -37.0(8)  
C18–Fe2–C22’–C18’ -102.0(9)  
C14–Fe2–C22’–C21’ -152.9(8)  
C17–Fe2–C22’–C21’ -31(4)  
C22–Fe2–C22’–C21’ 58.5(7)  
C21–Fe2–C22’–C21’ 100.7(9)  
C18’–Fe2–C22’–C21’ 118.1(11)  
C20’–Fe2–C22’–C21’ 36.9(7)  
C19–Fe2–C22’–C21’ -19.8(17)  
C13–Fe2–C22’–C21’ 168.8(8)  
C15–Fe2–C22’–C21’ -108.8(8)  
C20–Fe2–C22’–C21’ 134(2)  
C16–Fe2–C22’–C21’ -68.9(10)  
C19’–Fe2–C22’–C21’ 81.1(8)  
C18–Fe2–C22’–C21’ 16.0(8)  
  
 
433
N1–C1–C2–C4 -91.0(6)  
N1–C1–C2–C3 93.2(6)  
N1–C1–C2–Fe1 -179.1(3)  
C8’–Fe1–C2–C4 177.6(8)  
C7’–Fe1–C2–C4 -152.8(5)  
C3–Fe1–C2–C4 117.7(4)  
C5–Fe1–C2–C4 37.0(3)  
C11’–Fe1–C2–C4 -111.3(5)  
C10’–Fe1–C2–C4 -72.0(5)  
C9’–Fe1–C2–C4 -54.8(19)  
C6–Fe1–C2–C4 80.8(3)  
C8–Fe1–C2–C4 -88.8(6)  
C9–Fe1–C2–C4 -132.4(6)  
C7–Fe1–C2–C4 -54.4(11)  
C11–Fe1–C2–C4 159.0(15)  
C10–Fe1–C2–C4 -173.7(6)  
C8’–Fe1–C2–C3 59.9(9)  
C7’–Fe1–C2–C3 89.5(5)  
C5–Fe1–C2–C3 -80.7(3)  
C11’–Fe1–C2–C3 131.1(5)  
C10’–Fe1–C2–C3 170.4(5)  
C4–Fe1–C2–C3 -117.7(4)  
C9’–Fe1–C2–C3 -172.5(18)  
C6–Fe1–C2–C3 -36.9(3)  
C8–Fe1–C2–C3 153.6(6)  
C9–Fe1–C2–C3 110.0(6)  
C7–Fe1–C2–C3 -172.1(10)  
C11–Fe1–C2–C3 41.4(16)  
C10–Fe1–C2–C3 68.6(6)  
C8’–Fe1–C2–C1 -61.1(9)  
C7’–Fe1–C2–C1 -31.5(7)  
C3–Fe1–C2–C1 -121.0(6)  
C5–Fe1–C2–C1 158.3(5)  
C11’–Fe1–C2–C1 10.1(6)  
C10’–Fe1–C2–C1 49.3(6)  
C4–Fe1–C2–C1 121.3(6)  
C9’–Fe1–C2–C1 66.5(19)  
C6–Fe1–C2–C1 -157.9(5)  
C8–Fe1–C2–C1 32.5(7)  
C9–Fe1–C2–C1 -11.1(7)  
C7–Fe1–C2–C1 66.9(12)  
C11–Fe1–C2–C1 -79.7(16)  
C10–Fe1–C2–C1 -52.4(7)  
C4–C2–C3–C6 0.2(5)  
C1–C2–C3–C6 176.7(4)  
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Fe1–C2–C3–C6 59.7(3)  
C4–C2–C3–Fe1 -59.4(3)  
C1–C2–C3–Fe1 117.1(5)  
C8’–Fe1–C3–C6 89.5(6)  
C7’–Fe1–C3–C6 132.2(6)  
C5–Fe1–C3–C6 -38.0(3)  
C11’–Fe1–C3–C6 173.3(5)  
C10’–Fe1–C3–C6 -149.9(14)  
C4–Fe1–C3–C6 -81.5(3)  
C9’–Fe1–C3–C6 55.3(12)  
C2–Fe1–C3–C6 -120.1(4)  
C8–Fe1–C3–C6 -175.0(9)  
C9–Fe1–C3–C6 152.5(6)  
C7–Fe1–C3–C6 45(2)  
C11–Fe1–C3–C6 71.9(6)  
C10–Fe1–C3–C6 109.8(5)  
C8’–Fe1–C3–C2 -150.4(5)  
C7’–Fe1–C3–C2 -107.7(6)  
C5–Fe1–C3–C2 82.1(3)  
C11’–Fe1–C3–C2 -66.6(6)  
C10’–Fe1–C3–C2 -29.8(15)  
C4–Fe1–C3–C2 38.6(3)  
C9’–Fe1–C3–C2 175.4(11)  
C6–Fe1–C3–C2 120.1(4)  
C8–Fe1–C3–C2 -54.9(9)  
C9–Fe1–C3–C2 -87.4(6)  
C7–Fe1–C3–C2 165.1(19)  
C11–Fe1–C3–C2 -168.0(5)  
C10–Fe1–C3–C2 -130.1(5)  
C3–C2–C4–C5 0.1(5)  
C1–C2–C4–C5 -176.4(4)  
Fe1–C2–C4–C5 -59.2(3)  
C3–C2–C4–Fe1 59.3(3)  
C1–C2–C4–Fe1 -117.1(5)  
C8’–Fe1–C4–C5 -54(2)  
C7’–Fe1–C4–C5 171.7(6)  
C3–Fe1–C4–C5 81.3(3)  
C11’–Fe1–C4–C5 -156.4(5)  
C10’–Fe1–C4–C5 -114.2(5)  
C9’–Fe1–C4–C5 -76.2(6)  
C6–Fe1–C4–C5 37.8(3)  
C2–Fe1–C4–C5 120.0(4)  
C8–Fe1–C4–C5 -129.2(6)  
C9–Fe1–C4–C5 -171.7(6)  
C7–Fe1–C4–C5 -85.5(6)  
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C11–Fe1–C4–C5 -48.9(9)  
C10–Fe1–C4–C5 144.2(19)  
C8’–Fe1–C4–C2 -174(2)  
C7’–Fe1–C4–C2 51.7(7)  
C3–Fe1–C4–C2 -38.7(3)  
C5–Fe1–C4–C2 -120.0(4)  
C11’–Fe1–C4–C2 83.7(5)  
C10’–Fe1–C4–C2 125.8(5)  
C9’–Fe1–C4–C2 163.8(6)  
C6–Fe1–C4–C2 -82.2(3)  
C8–Fe1–C4–C2 110.8(5)  
C9–Fe1–C4–C2 68.3(7)  
C7–Fe1–C4–C2 154.5(6)  
C11–Fe1–C4–C2 -168.9(8)  
C10–Fe1–C4–C2 24(2)  
C2–C4–C5–C6 -0.4(5)  
Fe1–C4–C5–C6 -59.8(3)  
C2–C4–C5–Fe1 59.4(3)  
C8’–Fe1–C5–C4 167.7(6)  
C7’–Fe1–C5–C4 -153(2)  
C3–Fe1–C5–C4 -81.7(3)  
C11’–Fe1–C5–C4 45.0(8)  
C10’–Fe1–C5–C4 81.5(5)  
C9’–Fe1–C5–C4 126.0(5)  
C6–Fe1–C5–C4 -119.3(4)  
C2–Fe1–C5–C4 -37.5(3)  
C8–Fe1–C5–C4 73.0(6)  
C9–Fe1–C5–C4 36(2)  
C7–Fe1–C5–C4 113.3(5)  
C11–Fe1–C5–C4 156.5(5)  
C10–Fe1–C5–C4 -166.1(7)  
C8’–Fe1–C5–C6 -73.0(7)  
C7’–Fe1–C5–C6 -34(2)  
C3–Fe1–C5–C6 37.6(3)  
C11’–Fe1–C5–C6 164.3(7)  
C10’–Fe1–C5–C6 -159.2(5)  
C4–Fe1–C5–C6 119.3(4)  
C9’–Fe1–C5–C6 -114.7(5)  
C2–Fe1–C5–C6 81.8(3)  
C8–Fe1–C5–C6 -167.8(6)  
C9–Fe1–C5–C6 156(2)  
C7–Fe1–C5–C6 -127.4(5)  
C11–Fe1–C5–C6 -84.3(5)  
C10–Fe1–C5–C6 -46.8(8)  
C2–C3–C6–C5 -0.5(5)  
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Fe1–C3–C6–C5 59.0(3)  
C2–C3–C6–Fe1 -59.5(3)  
C4–C5–C6–C3 0.6(6)  
Fe1–C5–C6–C3 -59.1(3)  
C4–C5–C6–Fe1 59.7(3)  
C8’–Fe1–C6–C3 -110.5(6)  
C7’–Fe1–C6–C3 -68.3(6)  
C5–Fe1–C6–C3 119.0(4)  
C11’–Fe1–C6–C3 -23.8(18)  
C10’–Fe1–C6–C3 162.4(9)  
C4–Fe1–C6–C3 81.6(3)  
C9’–Fe1–C6–C3 -155.1(6)  
C2–Fe1–C6–C3 37.5(3)  
C8–Fe1–C6–C3 168.6(19)  
C9–Fe1–C6–C3 -52.6(8)  
C7–Fe1–C6–C3 -167.1(6)  
C11–Fe1–C6–C3 -127.6(5)  
C10–Fe1–C6–C3 -85.5(5)  
C8’–Fe1–C6–C5 130.5(6)  
C7’–Fe1–C6–C5 172.7(6)  
C3–Fe1–C6–C5 -119.0(4)  
C11’–Fe1–C6–C5 -142.8(16)  
C10’–Fe1–C6–C5 43.5(9)  
C4–Fe1–C6–C5 -37.4(3)  
C9’–Fe1–C6–C5 85.9(6)  
C2–Fe1–C6–C5 -81.5(3)  
C8–Fe1–C6–C5 50(2)  
C9–Fe1–C6–C5 -171.6(7)  
C7–Fe1–C6–C5 74.0(6)  
C11–Fe1–C6–C5 113.4(5)  
C10–Fe1–C6–C5 155.5(5)  
C1–N1–C12–C13 -168.8(5)  
C22–N1–C12–C13 69.9(6)  
N1–C12–C13–C14 82.5(6)  
N1–C12–C13–C17 -98.4(6)  
N1–C12–C13–Fe2 171.7(3)  
C22’–Fe2–C13–C14 58.8(9)  
C21’–Fe2–C13–C14 -167(2)  
C17–Fe2–C13–C14 -117.3(4)  
C22–Fe2–C13–C14 154.4(6)  
C21–Fe2–C13–C14 111.8(6)  
C18’–Fe2–C13–C14 92.3(7)  
C20’–Fe2–C13–C14 173.7(6)  
C19–Fe2–C13–C14 45.1(17)  
C15–Fe2–C13–C14 -37.0(3)  
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C20–Fe2–C13–C14 72.9(6)  
C16–Fe2–C13–C14 -80.2(3)  
C19’–Fe2–C13–C14 135.1(6)  
C18–Fe2–C13–C14 -171.7(8)  
C22’–Fe2–C13–C17 176.2(9)  
C14–Fe2–C13–C17 117.3(4)  
C21’–Fe2–C13–C17 -50(2)  
C22–Fe2–C13–C17 -88.3(6)  
C21–Fe2–C13–C17 -130.8(6)  
C18’–Fe2–C13–C17 -150.4(7)  
C20’–Fe2–C13–C17 -69.0(7)  
C19–Fe2–C13–C17 162.5(16)  
C15–Fe2–C13–C17 80.4(3)  
C20–Fe2–C13–C17 -169.8(6)  
C16–Fe2–C13–C17 37.1(3)  
C19’–Fe2–C13–C17 -107.6(7)  
C18–Fe2–C13–C17 -54.4(9)  
C22’–Fe2–C13–C12 -62.0(11)  
C14–Fe2–C13–C12 -120.9(6)  
C21’–Fe2–C13–C12 72(2)  
C17–Fe2–C13–C12 121.8(6)  
C22–Fe2–C13–C12 33.5(7)  
C21–Fe2–C13–C12 -9.0(7)  
C18’–Fe2–C13–C12 -28.6(8)  
C20’–Fe2–C13–C12 52.8(8)  
C19–Fe2–C13–C12 -75.7(18)  
C15–Fe2–C13–C12 -157.8(5)  
C20–Fe2–C13–C12 -48.0(8)  
C16–Fe2–C13–C12 158.9(5)  
C19’–Fe2–C13–C12 14.2(8)  
C18–Fe2–C13–C12 67.4(10)  
C17–C13–C14–C15 -0.3(5)  
C12–C13–C14–C15 178.9(4)  
Fe2–C13–C14–C15 59.6(3)  
C17–C13–C14–Fe2 -59.9(3)  
C12–C13–C14–Fe2 119.3(5)  
C22’–Fe2–C14–C13 -148.1(7)  
C21’–Fe2–C14–C13 175.4(9)  
C17–Fe2–C14–C13 38.8(3)  
C22–Fe2–C14–C13 -51.0(8)  
C21–Fe2–C14–C13 -85.5(6)  
C18’–Fe2–C14–C13 -104.4(7)  
C20’–Fe2–C14–C13 -27(2)  
C19–Fe2–C14–C13 -168.0(6)  
C15–Fe2–C14–C13 120.5(4)  
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C20–Fe2–C14–C13 -128.6(6)  
C16–Fe2–C14–C13 82.8(3)  
C19’–Fe2–C14–C13 -63.4(7)  
C18–Fe2–C14–C13 159.3(19)  
C22’–Fe2–C14–C15 91.4(7)  
C21’–Fe2–C14–C15 54.9(10)  
C17–Fe2–C14–C15 -81.7(3)  
C22–Fe2–C14–C15 -171.5(7)  
C21–Fe2–C14–C15 154.0(6)  
C18’–Fe2–C14–C15 135.1(7)  
C20’–Fe2–C14–C15 -148(2)  
C19–Fe2–C14–C15 71.5(6)  
C13–Fe2–C14–C15 -120.5(4)  
C20–Fe2–C14–C15 110.9(6)  
C16–Fe2–C14–C15 -37.7(3)  
C19’–Fe2–C14–C15 176.1(7)  
C18–Fe2–C14–C15 39(2)  
C13–C14–C15–C16 0.3(6)  
Fe2–C14–C15–C16 59.9(3)  
C13–C14–C15–Fe2 -59.6(3)  
C22’–Fe2–C15–C16 134.1(7)  
C14–Fe2–C15–C16 -118.7(4)  
C21’–Fe2–C15–C16 89.2(7)  
C17–Fe2–C15–C16 -38.0(3)  
C22–Fe2–C15–C16 40.7(18)  
C21–Fe2–C15–C16 -170.8(8)  
C18’–Fe2–C15–C16 175.0(7)  
C20’–Fe2–C15–C16 50.6(8)  
C19–Fe2–C15–C16 111.9(6)  
C13–Fe2–C15–C16 -81.8(3)  
C20–Fe2–C15–C16 153.5(6)  
C19’–Fe2–C15–C16 -137(3)  
C18–Fe2–C15–C16 70.8(7)  
C22’–Fe2–C15–C14 -107.2(7)  
C21’–Fe2–C15–C14 -152.1(7)  
C17–Fe2–C15–C14 80.7(3)  
C22–Fe2–C15–C14 159.4(17)  
C21–Fe2–C15–C14 -52.1(9)  
C18’–Fe2–C15–C14 -66.4(8)  
C20’–Fe2–C15–C14 169.3(8)  
C19–Fe2–C15–C14 -129.5(6)  
C13–Fe2–C15–C14 36.8(3)  
C20–Fe2–C15–C14 -87.8(6)  
C16–Fe2–C15–C14 118.7(4)  
C19’–Fe2–C15–C14 -18(3)  
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C18–Fe2–C15–C14 -170.5(6)  
C14–C15–C16–C17 -0.2(6)  
Fe2–C15–C16–C17 59.1(3)  
C14–C15–C16–Fe2 -59.2(3)  
C22’–Fe2–C16–C15 -68.3(7)  
C14–Fe2–C16–C15 38.0(3)  
C21’–Fe2–C16–C15 -109.4(6)  
C17–Fe2–C16–C15 118.8(4)  
C22–Fe2–C16–C15 -169.8(6)  
C21–Fe2–C16–C15 157.4(18)  
C18’–Fe2–C16–C15 -30(4)  
C20’–Fe2–C16–C15 -153.0(6)  
C19–Fe2–C16–C15 -86.2(6)  
C13–Fe2–C16–C15 81.7(3)  
C20–Fe2–C16–C15 -53.2(9)  
C19’–Fe2–C16–C15 168.6(8)  
C18–Fe2–C16–C15 -130.0(6)  
C22’–Fe2–C16–C17 172.9(7)  
C14–Fe2–C16–C17 -80.7(3)  
C21’–Fe2–C16–C17 131.8(6)  
C22–Fe2–C16–C17 71.4(6)  
C21–Fe2–C16–C17 38.6(19)  
C18’–Fe2–C16–C17 -149(4)  
C20’–Fe2–C16–C17 88.2(6)  
C19–Fe2–C16–C17 155.0(6)  
C13–Fe2–C16–C17 -37.1(3)  
C15–Fe2–C16–C17 -118.8(4)  
C20–Fe2–C16–C17 -172.0(8)  
C19’–Fe2–C16–C17 49.9(9)  
C18–Fe2–C16–C17 111.3(6)  
C14–C13–C17–C16 0.2(5)  
C12–C13–C17–C16 -179.0(4)  
Fe2–C13–C17–C16 -59.6(4)  
C14–C13–C17–Fe2 59.8(3)  
C12–C13–C17–Fe2 -119.4(5)  
C15–C16–C17–C13 0.0(6)  
Fe2–C16–C17–C13 59.5(3)  
C15–C16–C17–Fe2 -59.5(3)  
C22’–Fe2–C17–C13 -163(4)  
C14–Fe2–C17–C13 -38.6(3)  
C21’–Fe2–C17–C13 169.4(6)  
C22–Fe2–C17–C13 109.9(6)  
C21–Fe2–C17–C13 69.4(6)  
C18’–Fe2–C17–C13 53.0(9)  
C20’–Fe2–C17–C13 131.3(6)  
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C19–Fe2–C17–C13 -171.8(9)  
C15–Fe2–C17–C13 -82.6(3)  
C20–Fe2–C17–C13 41(2)  
C16–Fe2–C17–C13 -120.2(4)  
C19’–Fe2–C17–C13 87.4(6)  
C18–Fe2–C17–C13 152.8(6)  
C22’–Fe2–C17–C16 -43(4)  
C14–Fe2–C17–C16 81.6(3)  
C21’–Fe2–C17–C16 -70.4(7)  
C22–Fe2–C17–C16 -129.9(6)  
C21–Fe2–C17–C16 -170.4(6)  
C18’–Fe2–C17–C16 173.2(8)  
C20’–Fe2–C17–C16 -108.5(6)  
C19–Fe2–C17–C16 -51.5(9)  
C13–Fe2–C17–C16 120.2(4)  
C15–Fe2–C17–C16 37.6(3)  
C20–Fe2–C17–C16 160.8(19)  
C19’–Fe2–C17–C16 -152.4(6)  
C18–Fe2–C17–C16 -87.0(6)  
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Table A.18.1.  Positional Parameters and Equivalent U Values for the Refined 
Atoms of di(N-(ferrocenylmethyl))-N-methylammonium cyanoborane (44). 
 
 
Atom x y z U(eq)  
Fe1 2873(1) 5166(1) 11022(1) 12(1)  
Fe2 8038(1) 2050(1) 14181(1) 11(1)  
N1 3361(2) 1635(2) 12146(2) 11(1)  
N2 3011(2) 3480(2) 15047(2) 22(1)  
B1 1988(3) 1223(3) 12598(3) 14(1)  
C1 3928(3) 3142(2) 12136(2) 12(1)  
C2 2641(2) 3325(2) 11319(2) 12(1)  
C3 1796(3) 3933(2) 11830(2) 13(1)  
C4 2027(3) 2954(2) 9908(2) 14(1)  
C5 824(3) 3327(2) 9557(2) 15(1)  
C6 671(3) 3924(2) 10740(2) 15(1)  
C7 3336(3) 6788(3) 10368(2) 17(1)  
C8 4513(3) 6370(3) 10558(2) 17(1)  
C9 5199(3) 6625(2) 11929(2) 17(1)  
C10 4442(3) 7198(2) 12588(2) 17(1)  
C11 3291(3) 7308(2) 11627(2) 17(1)  
C12 4716(3) 1623(3) 13134(2) 13(1)  
C13 6136(3) 2003(2) 12917(2) 13(1)  
C14 6520(3) 997(3) 12189(2) 15(1)  
C15 8053(3) 1815(3) 12374(2) 17(1)  
C16 8623(3) 3318(3) 13214(2) 16(1)  
C17 7452(3) 3449(2) 13550(2) 13(1)  
C18 9561(3) 1428(3) 15118(2) 16(1)  
C19 9943(3) 2863(3) 15976(2) 18(1)  
C20 8629(3) 2773(3) 16190(2) 19(1)  
C21 7445(3) 1267(3) 15459(2) 18(1)  
C22 8019(3) 442(3) 14793(2) 17(1)  
C23 2754(3) 464(2) 10768(2) 15(1)  
C24 2586(3) 2536(3) 14026(2) 14(1)  
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Table A.18.2.  Anisotropic Displacement Parameters (U Values) Refined for the 
Non-Hydrogen Atoms of di(N-(ferrocenylmethyl))-N-methylammonium 
cyanoborane (44). 
 
 
Atom U11 U22 U33 U23 U13 U12  
Fe1 11(1) 12(1) 13(1) 7(1) 5(1) 6(1)  
Fe2 12(1) 12(1) 12(1) 6(1) 5(1) 7(1)  
N1 12(1) 11(1) 11(1) 5(1) 3(1) 7(1)  
N2 23(1) 25(1) 21(1) 10(1) 13(1) 13(1)  
B1 13(1) 15(1) 14(1) 7(1) 5(1) 6(1)  
C1 13(1) 11(1) 13(1) 7(1) 6(1) 5(1)  
C2 12(1) 9(1) 15(1) 7(1) 6(1) 5(1)  
C3 16(1) 13(1) 16(1) 9(1) 9(1) 8(1)  
C4 13(1) 11(1) 15(1) 5(1) 4(1) 3(1)  
C5 14(1) 12(1) 14(1) 7(1) 1(1) 4(1)  
C6 9(1) 15(1) 22(1) 9(1) 6(1) 6(1)  
C7 16(1) 15(1) 21(1) 12(1) 7(1) 6(1)  
C8 18(1) 18(1) 21(1) 11(1) 13(1) 8(1)  
C9 10(1) 15(1) 23(1) 9(1) 6(1) 5(1)  
C10 16(1) 12(1) 16(1) 4(1) 5(1) 3(1)  
C11 16(1) 13(1) 24(1) 9(1) 11(1) 8(1)  
C12 13(1) 15(1) 12(1) 7(1) 4(1) 9(1)  
C14 16(1) 13(1) 14(1) 3(1) 7(1) 8(1)  
C13 14(1) 14(1) 11(1) 7(1) 4(1) 8(1)  
C15 18(1) 22(1) 12(1) 8(1) 7(1) 12(1)  
C16 16(1) 17(1) 16(1) 10(1) 7(1) 7(1)  
C17 16(1) 13(1) 14(1) 9(1) 6(1) 10(1)  
C18 15(1) 18(1) 24(1) 14(1) 9(1) 12(1)  
C19 14(1) 17(1) 18(1) 11(1) 0(1) 6(1)  
C20 26(1) 22(1) 12(1) 9(1) 7(1) 16(1)  
C21 16(1) 26(1) 20(1) 17(1) 10(1) 13(1)  
C22 17(1) 12(1) 21(1) 11(1) 5(1) 7(1)  
C23 18(1) 13(1) 12(1) 4(1) 6(1) 8(1)  
C24 11(1) 19(1) 21(1) 14(1) 10(1) 9(1)  
 
 
The form of the anisotropic displacement expression is: 
-2π2[h2a*2U11 + ... + 2hka*b*U12] 
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Table A.18.3.  Positional Parameters and U Values for the Hydrogen Atoms of 
di(N-(ferrocenylmethyl))-N-methylammonium cyanoborane (44). 
 
 
Atom x y z U(eq)  
H1A 4470 3919 13076 14  
H1B 4688 3278 11767 14  
H1C 1039 1106 11918 17  
H1D 1736 284 12675 17  
H3 1958 4282 12739 16  
H4 2366 2530 9308 17  
H5 224 3200 8684 18  
H6 -53 4258 10794 18  
H7 2690 6731 9547 21  
H8 4794 5988 9886 21  
H9 6019 6443 12334 20  
H10 4666 7463 13509 20  
H11 2616 7662 11793 20  
H12A 5024 2326 14056 16  
H12B 4345 626 13104 16  
H14 5863 -39 11671 18  
H15 8598 1422 11999 20  
H16 9622 4107 13505 19  
H17 7529 4338 14098 15  
H18 10224 1169 14812 20  
H19 10906 3735 16345 21  
H20 8558 3571 16722 23  
H21 6444 882 15424 21  
H22 7466 -590 14227 20  
H23A 1857 446 10136 23  
H23B 2438 -498 10789 23  
H23C 3570 673 10475 23  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
444
Table A.18.4.  Torsion Angles [°] for di(N-(ferrocenylmethyl))-N-methylammonium 
cyanoborane (44). 
 
 
C13–Fe2–C14–C15 119.39(19)  
C20–Fe2–C14–C15 169.9(2)  
C21–Fe2–C14–C15 -157.42(14)  
C16–Fe2–C14–C15 37.43(14)  
C17–Fe2–C14–C15 81.19(14)  
C22–Fe2–C14–C15 -115.23(14)  
C19–Fe2–C14–C15 -45.9(4)  
C18–Fe2–C14–C15 -74.88(16)  
C20–Fe2–C14–C13 50.5(3)  
C15–Fe2–C14–C13 -119.39(19)  
C21–Fe2–C14–C13 83.18(15)  
C16–Fe2–C14–C13 -81.96(14)  
C17–Fe2–C14–C13 -38.20(13)  
C22–Fe2–C14–C13 125.37(14)  
C19–Fe2–C14–C13 -165.3(3)  
C18–Fe2–C14–C13 165.73(13)  
C14–Fe2–C17–C16 -81.27(14)  
C13–Fe2–C17–C16 -119.57(19)  
C20–Fe2–C17–C16 125.89(14)  
C15–Fe2–C17–C16 -37.23(14)  
C21–Fe2–C17–C16 167.46(14)  
C22–Fe2–C17–C16 -158.1(3)  
C19–Fe2–C17–C16 82.73(16)  
C18–Fe2–C17–C16 47.9(3)  
C14–Fe2–C17–C13 38.29(13)  
C20–Fe2–C17–C13 -114.54(14)  
C15–Fe2–C17–C13 82.33(14)  
C21–Fe2–C17–C13 -72.97(16)  
C16–Fe2–C17–C13 119.57(19)  
C22–Fe2–C17–C13 -38.5(4)  
C19–Fe2–C17–C13 -157.71(13)  
C18–Fe2–C17–C13 167.5(2)  
C10–Fe1–C2–C4 -160.65(13)  
C3–Fe1–C2–C4 118.67(18)  
C9–Fe1–C2–C4 -117.90(14)  
C6–Fe1–C2–C4 80.95(14)  
C5–Fe1–C2–C4 37.18(13)  
C11–Fe1–C2–C4 165.94(19)  
C8–Fe1–C2–C4 -77.26(16)  
C7–Fe1–C2–C4 -47.0(4)  
C10–Fe1–C2–C3 80.67(15)  
  
 
445
C9–Fe1–C2–C3 123.43(14)  
C6–Fe1–C2–C3 -37.72(13)  
C5–Fe1–C2–C3 -81.49(14)  
C11–Fe1–C2–C3 47.3(3)  
C4–Fe1–C2–C3 -118.67(18)  
C8–Fe1–C2–C3 164.07(13)  
C7–Fe1–C2–C3 -165.7(3)  
C10–Fe1–C2–C1 -38.4(2)  
C3–Fe1–C2–C1 -119.1(2)  
C9–Fe1–C2–C1 4.3(2)  
C6–Fe1–C2–C1 -156.8(2)  
C5–Fe1–C2–C1 159.4(2)  
C11–Fe1–C2–C1 -71.8(3)  
C4–Fe1–C2–C1 122.2(2)  
C8–Fe1–C2–C1 45.0(2)  
C7–Fe1–C2–C1 75.2(4)  
C4–C2–C1–N1 -88.9(3)  
C3–C2–C1–N1 91.8(3)  
Fe1–C2–C1–N1 -179.74(14)  
C23–N1–C1–C2 67.2(2)  
C12–N1–C1–C2 -173.19(17)  
B1–N1–C1–C2 -53.3(2)  
C13–C14–C15–C16 0.2(3)  
Fe2–C14–C15–C16 -59.08(16)  
C13–C14–C15–Fe2 59.31(15)  
C14–Fe2–C15–C16 119.5(2)  
C13–Fe2–C15–C16 81.57(15)  
C20–Fe2–C15–C16 -44.7(4)  
C21–Fe2–C15–C16 168.51(19)  
C17–Fe2–C15–C16 37.31(14)  
C22–Fe2–C15–C16 -158.52(14)  
C19–Fe2–C15–C16 -75.76(17)  
C18–Fe2–C15–C16 -116.18(14)  
C13–Fe2–C15–C14 -37.94(13)  
C20–Fe2–C15–C14 -164.2(3)  
C21–Fe2–C15–C14 49.0(3)  
C16–Fe2–C15–C14 -119.5(2)  
C17–Fe2–C15–C14 -82.20(14)  
C22–Fe2–C15–C14 81.97(15)  
C19–Fe2–C15–C14 164.74(13)  
C18–Fe2–C15–C14 124.31(14)  
C15–C14–C13–C17 0.0(2)  
Fe2–C14–C13–C17 59.63(15)  
C15–C14–C13–C12 -172.9(2)  
Fe2–C14–C13–C12 -113.3(2)  
  
 
446
C15–C14–C13–Fe2 -59.60(16)  
C16–C17–C13–C14 -0.3(2)  
Fe2–C17–C13–C14 -59.20(15)  
C16–C17–C13–C12 172.9(2)  
Fe2–C17–C13–C12 113.9(2)  
C16–C17–C13–Fe2 58.93(15)  
C20–Fe2–C13–C14 -157.33(14)  
C15–Fe2–C13–C14 37.65(13)  
C21–Fe2–C13–C14 -114.64(14)  
C16–Fe2–C13–C14 81.25(14)  
C17–Fe2–C13–C14 118.66(19)  
C22–Fe2–C13–C14 -73.63(16)  
C19–Fe2–C13–C14 169.6(2)  
C18–Fe2–C13–C14 -43.0(4)  
C14–Fe2–C13–C17 -118.66(19)  
C20–Fe2–C13–C17 84.01(15)  
C15–Fe2–C13–C17 -81.01(14)  
C21–Fe2–C13–C17 126.70(14)  
C16–Fe2–C13–C17 -37.41(13)  
C22–Fe2–C13–C17 167.71(13)  
C19–Fe2–C13–C17 51.0(3)  
C18–Fe2–C13–C17 -161.7(3)  
C14–Fe2–C13–C12 121.6(2)  
C20–Fe2–C13–C12 -35.7(2)  
C15–Fe2–C13–C12 159.3(2)  
C21–Fe2–C13–C12 7.0(2)  
C16–Fe2–C13–C12 -157.1(2)  
C17–Fe2–C13–C12 -119.7(2)  
C22–Fe2–C13–C12 48.0(2)  
C19–Fe2–C13–C12 -68.8(3)  
C18–Fe2–C13–C12 78.6(4)  
C14–C13–C12–N1 -94.8(3)  
C17–C13–C12–N1 93.4(3)  
Fe2–C13–C12–N1 179.25(14)  
C23–N1–C12–C13 64.3(2)  
C1–N1–C12–C13 -55.6(2)  
B1–N1–C12–C13 -178.98(18)  
C14–C15–C16–C17 -0.4(3)  
Fe2–C15–C16–C17 -59.03(15)  
C14–C15–C16–Fe2 58.63(16)  
C13–C17–C16–C15 0.4(2)  
Fe2–C17–C16–C15 59.00(16)  
C13–C17–C16–Fe2 -58.58(15)  
C14–Fe2–C16–C15 -37.74(14)  
C13–Fe2–C16–C15 -82.15(15)  
  
 
447
C20–Fe2–C16–C15 165.82(14)  
C21–Fe2–C16–C15 -160.6(3)  
C17–Fe2–C16–C15 -119.98(19)  
C22–Fe2–C16–C15 46.4(3)  
C19–Fe2–C16–C15 124.13(14)  
C18–Fe2–C16–C15 81.51(16)  
C14–Fe2–C16–C17 82.24(14)  
C13–Fe2–C16–C17 37.84(13)  
C20–Fe2–C16–C17 -74.19(17)  
C15–Fe2–C16–C17 119.98(19)  
C21–Fe2–C16–C17 -40.6(4)  
C22–Fe2–C16–C17 166.43(19)  
C19–Fe2–C16–C17 -115.89(14)  
C18–Fe2–C16–C17 -158.51(13)  
C4–C2–C3–C6 0.4(2)  
C1–C2–C3–C6 179.8(2)  
Fe1–C2–C3–C6 59.76(15)  
C4–C2–C3–Fe1 -59.38(15)  
C1–C2–C3–Fe1 120.0(2)  
C10–Fe1–C3–C6 124.68(14)  
C9–Fe1–C3–C6 165.14(14)  
C5–Fe1–C3–C6 -37.56(13)  
C11–Fe1–C3–C6 82.61(15)  
C4–Fe1–C3–C6 -81.17(14)  
C2–Fe1–C3–C6 -119.18(19)  
C8–Fe1–C3–C6 -167.5(3)  
C7–Fe1–C3–C6 51.7(3)  
C10–Fe1–C3–C2 -116.14(14)  
C9–Fe1–C3–C2 -75.68(16)  
C6–Fe1–C3–C2 119.18(19)  
C5–Fe1–C3–C2 81.62(14)  
C11–Fe1–C3–C2 -158.21(13)  
C4–Fe1–C3–C2 38.01(13)  
C8–Fe1–C3–C2 -48.3(4)  
C7–Fe1–C3–C2 170.90(19)  
C10–Fe1–C8–C7 -81.66(15)  
C3–Fe1–C8–C7 -155.1(3)  
C9–Fe1–C8–C7 -119.5(2)  
C6–Fe1–C8–C7 45.2(3)  
C5–Fe1–C8–C7 82.06(16)  
C11–Fe1–C8–C7 -37.65(14)  
C4–Fe1–C8–C7 125.09(14)  
C2–Fe1–C8–C7 167.56(13)  
C10–Fe1–C8–C9 37.80(14)  
C3–Fe1–C8–C9 -35.6(4)  
  
 
448
C6–Fe1–C8–C9 164.7(2)  
C5–Fe1–C8–C9 -158.47(14)  
C11–Fe1–C8–C9 81.82(15)  
C4–Fe1–C8–C9 -115.45(14)  
C2–Fe1–C8–C9 -72.97(17)  
C7–Fe1–C8–C9 119.5(2)  
C14–Fe2–C21–C22 81.50(16)  
C13–Fe2–C21–C22 124.79(14)  
C20–Fe2–C21–C22 -119.5(2)  
C15–Fe2–C21–C22 47.1(3)  
C16–Fe2–C21–C22 -162.0(3)  
C17–Fe2–C21–C22 166.01(14)  
C19–Fe2–C21–C22 -81.19(15)  
C18–Fe2–C21–C22 -37.64(14)  
C14–Fe2–C21–C20 -159.04(14)  
C13–Fe2–C21–C20 -115.76(14)  
C15–Fe2–C21–C20 166.51(19)  
C16–Fe2–C21–C20 -42.5(4)  
C17–Fe2–C21–C20 -74.54(17)  
C22–Fe2–C21–C20 119.5(2)  
C19–Fe2–C21–C20 38.26(14)  
C18–Fe2–C21–C20 81.81(15)  
C3–Fe1–C10–C9 125.21(14)  
C6–Fe1–C10–C9 165.74(13)  
C5–Fe1–C10–C9 -166.2(3)  
C11–Fe1–C10–C9 -119.00(19)  
C4–Fe1–C10–C9 52.3(3)  
C2–Fe1–C10–C9 82.96(15)  
C8–Fe1–C10–C9 -37.62(13)  
C7–Fe1–C10–C9 -81.20(15)  
C3–Fe1–C10–C11 -115.79(14)  
C9–Fe1–C10–C11 119.00(19)  
C6–Fe1–C10–C11 -75.26(16)  
C5–Fe1–C10–C11 -47.2(4)  
C4–Fe1–C10–C11 171.3(2)  
C2–Fe1–C10–C11 -158.04(13)  
C8–Fe1–C10–C11 81.38(15)  
C7–Fe1–C10–C11 37.80(14)  
C10–Fe1–C5–C4 -155.9(3)  
C3–Fe1–C5–C4 -81.65(14)  
C9–Fe1–C5–C4 46.7(3)  
C6–Fe1–C5–C4 -119.33(19)  
C11–Fe1–C5–C4 167.79(13)  
C2–Fe1–C5–C4 -37.47(13)  
C8–Fe1–C5–C4 82.83(15)  
  
 
449
C7–Fe1–C5–C4 125.57(14)  
C10–Fe1–C5–C6 -36.6(4)  
C3–Fe1–C5–C6 37.68(13)  
C9–Fe1–C5–C6 166.0(2)  
C11–Fe1–C5–C6 -72.87(16)  
C4–Fe1–C5–C6 119.33(19)  
C2–Fe1–C5–C6 81.86(14)  
C8–Fe1–C5–C6 -157.84(13)  
C7–Fe1–C5–C6 -115.10(14)  
C6–C5–C4–C2 -0.3(3)  
Fe1–C5–C4–C2 59.01(15)  
C6–C5–C4–Fe1 -59.33(15)  
C3–C2–C4–C5 0.0(2)  
C1–C2–C4–C5 -179.4(2)  
Fe1–C2–C4–C5 -59.04(15)  
C3–C2–C4–Fe1 59.00(15)  
C1–C2–C4–Fe1 -120.4(2)  
C10–Fe1–C4–C5 163.0(2)  
C3–Fe1–C4–C5 81.67(14)  
C9–Fe1–C4–C5 -159.91(13)  
C6–Fe1–C4–C5 37.67(13)  
C11–Fe1–C4–C5 -37.6(4)  
C2–Fe1–C4–C5 119.87(19)  
C8–Fe1–C4–C5 -116.60(14)  
C7–Fe1–C4–C5 -74.89(17)  
C10–Fe1–C4–C2 43.1(3)  
C3–Fe1–C4–C2 -38.19(13)  
C9–Fe1–C4–C2 80.22(15)  
C6–Fe1–C4–C2 -82.19(14)  
C5–Fe1–C4–C2 -119.87(19)  
C11–Fe1–C4–C2 -157.4(3)  
C8–Fe1–C4–C2 123.53(14)  
C7–Fe1–C4–C2 165.25(13)  
C14–Fe2–C19–C18 -37.8(4)  
C13–Fe2–C19–C18 165.7(2)  
C20–Fe2–C19–C18 119.4(2)  
C15–Fe2–C19–C18 -73.25(17)  
C21–Fe2–C19–C18 81.23(15)  
C16–Fe2–C19–C18 -114.89(14)  
C17–Fe2–C19–C18 -157.82(14)  
C22–Fe2–C19–C18 37.36(14)  
C14–Fe2–C19–C20 -157.2(3)  
C13–Fe2–C19–C20 46.3(3)  
C15–Fe2–C19–C20 167.34(14)  
C21–Fe2–C19–C20 -38.19(14)  
  
 
450
C16–Fe2–C19–C20 125.70(14)  
C17–Fe2–C19–C20 82.76(16)  
C22–Fe2–C19–C20 -82.06(15)  
C18–Fe2–C19–C20 -119.4(2)  
C20–C21–C22–C18 0.6(3)  
Fe2–C21–C22–C18 59.78(16)  
C20–C21–C22–Fe2 -59.18(16)  
C14–Fe2–C22–C18 125.31(14)  
C13–Fe2–C22–C18 166.61(14)  
C20–Fe2–C22–C18 -81.40(15)  
C15–Fe2–C22–C18 82.72(16)  
C21–Fe2–C22–C18 -119.1(2)  
C16–Fe2–C22–C18 50.2(3)  
C17–Fe2–C22–C18 -163.2(3)  
C19–Fe2–C22–C18 -37.25(14)  
C14–Fe2–C22–C21 -115.59(15)  
C13–Fe2–C22–C21 -74.29(17)  
C20–Fe2–C22–C21 37.70(14)  
C15–Fe2–C22–C21 -158.18(14)  
C16–Fe2–C22–C21 169.25(19)  
C17–Fe2–C22–C21 -44.1(4)  
C19–Fe2–C22–C21 81.85(15)  
C18–Fe2–C22–C21 119.1(2)  
C20–C19–C18–C22 0.1(3)  
Fe2–C19–C18–C22 -58.86(16)  
C20–C19–C18–Fe2 58.94(15)  
C21–C22–C18–C19 -0.4(3)  
Fe2–C22–C18–C19 58.97(16)  
C21–C22–C18–Fe2 -59.38(16)  
C14–Fe2–C18–C19 167.12(14)  
C13–Fe2–C18–C19 -159.5(3)  
C20–Fe2–C18–C19 -37.84(14)  
C15–Fe2–C18–C19 125.67(15)  
C21–Fe2–C18–C19 -81.95(15)  
C16–Fe2–C18–C19 83.33(16)  
C17–Fe2–C18–C19 49.4(3)  
C22–Fe2–C18–C19 -119.7(2)  
C14–Fe2–C18–C22 -73.13(17)  
C13–Fe2–C18–C22 -39.7(4)  
C20–Fe2–C18–C22 81.90(15)  
C15–Fe2–C18–C22 -114.59(15)  
C21–Fe2–C18–C22 37.80(14)  
C16–Fe2–C18–C22 -156.93(14)  
C17–Fe2–C18–C22 169.1(2)  
C19–Fe2–C18–C22 119.7(2)  
  
 
451
C9–C8–C7–C11 0.1(3)  
Fe1–C8–C7–C11 59.07(16)  
C9–C8–C7–Fe1 -58.93(16)  
C10–Fe1–C7–C8 81.64(15)  
C3–Fe1–C7–C8 163.20(19)  
C9–Fe1–C7–C8 37.59(14)  
C6–Fe1–C7–C8 -160.29(14)  
C5–Fe1–C7–C8 -117.10(14)  
C11–Fe1–C7–C8 119.5(2)  
C4–Fe1–C7–C8 -75.63(17)  
C2–Fe1–C7–C8 -38.8(4)  
C10–Fe1–C7–C11 -37.86(14)  
C3–Fe1–C7–C11 43.7(3)  
C9–Fe1–C7–C11 -81.91(15)  
C6–Fe1–C7–C11 80.21(16)  
C5–Fe1–C7–C11 123.40(14)  
C4–Fe1–C7–C11 164.87(13)  
C2–Fe1–C7–C11 -158.3(3)  
C8–Fe1–C7–C11 -119.5(2)  
C7–C8–C9–C10 0.1(3)  
Fe1–C8–C9–C10 -59.16(16)  
C7–C8–C9–Fe1 59.25(16)  
C11–C10–C9–C8 -0.3(3)  
Fe1–C10–C9–C8 59.65(16)  
C11–C10–C9–Fe1 -59.95(16)  
C10–Fe1–C9–C8 -119.2(2)  
C3–Fe1–C9–C8 167.90(14)  
C6–Fe1–C9–C8 -159.8(3)  
C5–Fe1–C9–C8 50.4(3)  
C11–Fe1–C9–C8 -81.36(15)  
C4–Fe1–C9–C8 83.86(16)  
C2–Fe1–C9–C8 126.21(14)  
C7–Fe1–C9–C8 -37.41(14)  
C3–Fe1–C9–C10 -72.87(16)  
C6–Fe1–C9–C10 -40.5(4)  
C5–Fe1–C9–C10 169.7(2)  
C11–Fe1–C9–C10  37.87(13)  
C4–Fe1–C9–C10 -156.91(13)  
C2–Fe1–C9–C10 -114.55(14)  
C8–Fe1–C9–C10 119.2(2)  
C7–Fe1–C9–C10 81.83(15)  
C9–C10–C11–C7 0.4(3)  
Fe1–C10–C11–C7 -59.41(16)  
C9–C10–C11–Fe1 59.79(16)  
C8–C7–C11–C10 -0.3(3)  
  
 
452
Fe1–C7–C11–C10 58.94(16)  
C8–C7–C11–Fe1 -59.27(16)  
C3–Fe1–C11–C10 80.85(16)  
C9–Fe1–C11–C10 -37.89(14)  
C6–Fe1–C11–C10 123.42(14)  
C5–Fe1–C11–C10 163.96(14)  
C4–Fe1–C11–C10 -166.8(3)  
C2–Fe1–C11–C10 47.6(3)  
C8–Fe1–C11–C10 -81.70(15)  
C7–Fe1–C11–C10 -119.1(2)  
C10–Fe1–C11–C7 119.1(2)  
C3–Fe1–C11–C7 -160.09(13)  
C9–Fe1–C11–C7 81.17(15)  
C6–Fe1–C11–C7 -117.53(14)  
C5–Fe1–C11–C7 -76.98(16)  
C4–Fe1–C11–C7 -47.8(4)  
C2–Fe1–C11–C7 166.62(18)  
C8–Fe1–C11–C7 37.36(14)  
C22–C21–C20–C19 -0.5(3)  
Fe2–C21–C20–C19 -59.95(15)  
C22–C21–C20–Fe2 59.40(16)  
C18–C19–C20–C21  0.3(2)  
Fe2–C19–C20–C21 59.78(15)  
C18–C19–C20–Fe2 -59.49(16)  
C14–Fe2–C20–C21 46.1(3)  
C13–Fe2–C20–C21 82.05(16)  
C15–Fe2–C20–C21 -158.1(3)  
C16–Fe2–C20–C21 166.96(14)  
C17–Fe2–C20–C21 125.62(14)  
C22–Fe2–C20–C21 -37.51(14)  
C19–Fe2–C20–C21 -118.4(2)  
C18–Fe2–C20–C21 -81.13(15)  
C14–Fe2–C20–C19 164.6(2)  
C13–Fe2–C20–C19 -159.51(13)  
C15–Fe2–C20–C19 -39.7(4)  
C21–Fe2–C20–C19 118.44(19)  
C16–Fe2–C20–C19 -74.60(17)  
C17–Fe2–C20–C19 -115.93(14)  
C22–Fe2–C20–C19 80.93(14)  
C18–Fe2–C20–C19 37.32(13)  
C4–C5–C6–C3 0.6(3)  
Fe1–C5–C6–C3 -58.91(15)  
C4–C5–C6–Fe1 59.47(15)  
C2–C3–C6–C5 -0.6(2)  
Fe1–C3–C6–C5 59.21(15)  
  
 
453
C2–C3–C6–Fe1 -59.80(15)  
C10–Fe1–C6–C5 167.29(13)  
C3–Fe1–C6–C5 -119.40(19)  
C9–Fe1–C6–C5 -161.8(3)  
C11–Fe1–C6–C5 126.00(14)  
C4–Fe1–C6–C5 -37.51(13)  
C2–Fe1–C6–C5 -81.49(14)  
C8–Fe1–C6–C5 51.6(3)  
C7–Fe1–C6–C5 83.81(15)  
C10–Fe1–C6–C3 -73.31(16)  
C9–Fe1–C6–C3 -42.4(3)  
C5–Fe1–C6–C3 119.40(19)  
C11–Fe1–C6–C3 -114.60(14)  
C4–Fe1–C6–C3 81.89(14)  
C2–Fe1–C6–C3 37.91(13)  
C8–Fe1–C6–C3 171.0(2)  
C7–Fe1–C6–C3 -156.78(14)  
N2–C24–B1–N1 92(61)  
C23–N1–B1–C24 -175.83(18)  
C12–N1–B1–C24 66.4(2)  
C1–N1–B1–C24 -54.2(2)  
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